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8) NAPHTHYRIDINES AS GABA LIGANDS, THEIR PHARMACEUTICAL COMPOSITIONS AND USES 

The present invention relates to a class of substituted 
naphthyridine derivatives and to their use in therapy. More particularly, 
5 this invention is concerned with [1,8] naphthyridine analogues which are 
substituted in the 4-position by a substituted phenyl ring. These 
compounds are ligands for GABAa receptors and are therefore useful in 
the therapy of deleterious mental states. 

Receptors for the major inhibitory neurotransmitter, gamma- 
10 aminobutyric acid (GABA), are divided into two main classes: (1) GABAa 
receptors, which are members of the ligand-gated ion channel superfamily; 
and (2) GABAb receptors, which may be members of the G-protein linked 
receptor superfamily. Since the first cDNAs encoding individual GABAa 
receptor subunits were cloned the number of known members of the 
15 mammahan family has grown to include at least six a subunits, four p 
subunits, three y subunits, one S subunit, one e subunit and two p 
subunits. 

Although knowledge of the diversity of the GABAa receptor gene 
family represents a huge step forward in our understanding of this ligand- 

20 gated ion channel, insight into the extent of subtype diversity is still at an 
early stage. It has been indicated that an a subunit, a p subunit and a y 
subunit constitute the minimum requirement for forming a fully 
functional GABAa receptor expressed by transiently transfecting cDNAs 
into cells. As indicated above, 8, e and p subunits also exist, but are 

25 present only to a minor extent in GABAa receptor populations. 

Studies of receptor size and visualisation by electron microscopy 
conclude that, like other members of the ligand-gated ion channel family, 
the native GABAa receptor exists in pentameric form. The selection of at 
least one a, one p and one y subunit from a repertoire of seventeen allows 

30 for the possible existence of more than 10,000 pentameric subunit 
combinations. Moreover, this calculation overlooks the additional 
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permutations that would be possible if the arrangement of subunits 
around the ion channel had no constraints (i.e. there could be 120 possible 
variants for a receptor composed of five different subunits). 

Receptor subtype assemblies which do exist include, amongst many 
5 others, alp2Y2, a2pYl, a2p2/3Y2, a3pY2/3, a435, a5P3Y2/3, 06^72 and a6p5. 
Subtype assemblies containing an al subunit are present in most areas of 
the brain and are thought to account for over 40% of GABAa receptors in 
the rat. Subtype assemblies containing a2 and a3 subunits respectively 
are thought to account for about 25% and 17% of GABAa receptors in the 
10 rat. Subtype assemblies containing an <x5 subimit are expressed 
predominantly in the hippocampus and cortex and are thought to 
represent about 4% of GABAa receptors in the rat. 

A characteristic property of all known GABAa receptors is the 
presence of a number of modulatory sites, one of which is the 
15 benzodiazepine (BZ) binding site. The BZ binding site is the most explored 
of the GABAa receptor modulatory sites, and is the site through which 
anxiolytic drugs such as diazepam and temazepam exert their effect. 
Before the cloning of the GABAa receptor gene family, the benzodiazepine 
binding site was historically subdivided into two subtypes, BZl and BZ2, 
20 on the basis of radioligand binding studies. The BZl subtype has been 

shown to be pharmacologically equivalent to a GABAa receptor comprising 
the al subunit in combination with a p subunit and y2. This is the most 
abundant GABAa receptor subtype, and is believed to represent almost 
half of all GABAa receptors in the brain. 
25 Two other major populations are the a2PY2 and a3&y2/3 subtypes. 

Together these constitute approximately a further 35% of the total GABAa 
receptor repertoire. Pharmacologically this combination appears to be 
equivalent to the BZ2 subtype as defined previously by radioligand 
binding, although the BZ2 subtype may also include certain aS-containing 
30 subtype assemblies. The physiological role of these subtypes has hitherto 
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been unclear because no sufficiently selective agonists or antagonists were 
known. 

It is now believed that agents acting as BZ agonists at aiPY2, cx2Py2 
or a3Py2 subtypes will possess desirable anxiolytic properties. Compounds 
which are modulators of the benzodiazepine binding site of the GABAa 
receptor by acting as BZ agonists are referred to hereinafter as «GABAa 
receptor agoniste". The al-selective GABA. receptor agonists alpidem and 
Zolpidem are clinically prescribed as hypnotic agents, suggesting that at 
least some of the sedation associated with known anxiolytic drugs which 
act at the BZl binding site is mediated through GABAa receptors 
containing the al subunit. Accordingly, it is considered that GABAa 
receptor agonists which interact more favourably with the a2 and/or cc3 
subunit than with al will be effective in the treatment of anxiety with a 
reduced propensity to cause sedation. Also, agents which are antagonists 
or inverse agonists at al might be employed to reverse sedation or 
hypnosis caused by al agonists. 

The compounds of the present invention, being selective ligands for 
GABA. receptors, are therefore of use in the treatment and/or prevention 
of a variety of disorders of the central nervous system. Such disorders 
include anxiety disorders, such as panic disorder with or without 
agoraphobia, agoraphobia without history of panic disorder, animal and 
other phobias including social phobias, obsessive-compulsive disorder 
stress disorders including post-traumatic and acute stress disorder and 
generalized or substance-induced anxiety disorder; neuroses; convulsions- 
migrame; depressive or bipolar disorders, for example single-episode or 
recurrent major depressive disorder, dysthymic disorder, bipolar I and 
bipolar II manic disorders, and cyclothymic disorder; psychotic disorders 
mcludmg schizophrenia; neurodegeneration arising from cerebral 
ischemia; attention deficit hyperactivity disorder; speech disorders 
including stuttering; and disorders of circadian rhythm, e.g. in subjects 
suffering from the effects of jet lag or shift work. 
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Further disorders for which selective ligands for GABAa receptors 
may be of benefit include pain and nociception; emesis, including acute, 
delayed and anticipatory emesis, in particular emesis induced by 
chemotherapy or radiation, as well as motion sickness, and post-operative 
5 nausea and vomiting; eating disorders including anorexia nervosa and 

bulimia nervosa; premenstrual syndrome; muscle spasm or spasticity, e.g. 
in paraplegic patients; hearing disorders, including tinnitus and age- 
related hearing impairment; urinary incontinence; and the effects of 
substance abuse or dependency, including alcohol withdrawal. Selective 
10 ligands for GABAa receptors may also be effective as pre-medication prior 
to anaesthesia or minor procedures such as endoscopy, including gastric 
endoscopy. 

The present invention provides a class of naphthyridine derivatives 
which possess desirable binding properties at various GABAa receptor 
15 subt3rpes. The compounds in accordance with the present invention have 
good affinity as ligands for the a2 and/or oc3 subunit of the human GABAa 
receptor. The compounds of this invention may interact more favourably 
with the a2 and/or ot3 subunit than with the al subunit. Desirably, the 
compounds of the invention will exhibit functional selectivity in terms of a 
20 selective efficacy for the a2 and/or oc3 subunit relative to the al subunit. 
The compounds of the present invention are GABAa receptor 
subtype ligands having a binding affinity (Ki) for the a2 and/or a3 subunit, 
as measured in the assay described hereinbelow, of 200 nM or less, 
typically of 100 nM or less, and ideally of 20 nM or less. The compounds in 
25 accordance with this invention may possess at least a 2-fold, suitably at 
least a 5-fold, and advantageously at least a 10-fold, selective affinity for 
the a2 and/or a3 subunit relative to the al subunit. However, compounds 
which are not selective in terms of their binding affinity for the a2 and/or 
a3 subunit relative to the al subunit are also encompassed within the 
scope of the present invention; such compounds will desirably exhibit 
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functional selectivity in terms of a selective efficacy for the a2 and/or a3 
subunit relative to the al subunit. 

The present invention provides a compound of formula I, or a salt or 
prodrug thereof: 




Y-Z 



10 



15 



wherein 

X represents hydrogen or halogen; 

Y represents an oxygen atom, a -NH- linkage or preferably a 
chemical bond; 

Z represents an optionally substituted aryl or heteroaryl group; 
Ri represents hydrogen, hydrocarbon, a heterocyclic group, halogen, 
cyano, trifluoromethyl, nitro, -OR% -SRa, -SOR^, -S02R^ -SOaNR^Rb, 
-NRaRb, -NRaCORb, -NRaCOzRb, -CORa, -C02Ra, -CONRaRb, -CR-=NORb or 
CRa=NNHRb; and 

Ra and Rb independently represent hydrogen, hydrocarbon or a 
heterocyclic group. 

The aryl or heteroaryl group Z in the compounds of formula I above 
20 may be unsubstituted, or substituted by one or more substituents. 

Typically, the group Z will be unsubstituted, or substituted by one or two 
substituents. Suitably, the group Z is unsubstituted or monosubstituted. 
Typical substituents on the group Z include halogen, cyano, nitro, amino, 
formyi, trifluoromethyl, Ci-e alkoxy, Ca^ alkoxycarbonyl, 
25 di(Ci^)alkylaminocarbonyl and -CRa=NORb. 
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For use in medicine, the salts of the compounds of formula I will be 
pharmaceutically acceptable salts. Other salts may, however, be useful in 
the preparation of the compounds according to the invention or of their 
pharmaceutically acceptable salts. Suitable pharmaceutically acceptable 
5 salts of the compounds of this invention include acid addition salts which 
may, for example, be formed by mixing a solution of the compound 
according to the invention with a solution of a pharmaceutically acceptable 
acid such as hydrochloric acid, sulphuric acid, methanesulphonic acid, 
fumaric acid, maleic acid, succinic acid, acetic acid, benzoic acid, oxalic 
10 acid, citric acid, tartaric acid, carbonic acid or phosphoric acid. 

Furthermore, where the compounds of the invention carry an acidic 
moiety, suitable pharmaceutically acceptable salts thereof may include 
alkali metal salts, e.g. sodium or potassium salts; alkaline earth metal 
salts, e.g. calcium or magnesium salts; and salts formed with suitable 
15 organic ligands, e.g. quaternary ammonium salts. 

The term "hydrocarbon" as used herein includes straight-chained, 
branched and cyclic groups containing up to 18 carbon atoms, suitably up 
to 15 carbon atoms, and conveniently up to 12 carbon atoms. Suitable 
hydrocarbon groups include Ci-e alkyl, C2.6 alkenyl, Cz^ alkynyl, C3-7 
20 cycloalkyl, C3-7 cycloalkyl(Ci-6)alkyl, indanyl, aryl and aryl(Ci-6)alkyl. 

The expression "a heterocyclic group" as used herein includes cyclic 
groups containing up to 18 carbon atoms and at least one heteroatom 
preferably selected from oxygen, nitrogen and sulphur. The heterocyclic 
group suitably contains up to 15 carbon atoms and conveniently up to 12 
25 carbon atoms, and is preferably linked through carbon. Examples of 
suitable heterocyclic groups include C3-7 heterocycloalkyl, C3-7 
heterocycloalkyl(Ci-6)alkyl, heteroaryl and heteroaryl(Ci.6)alkyl groups. 

Suitable alkyl groups include straight-chained and branched alkyl 
groups containing from 1 to 6 carbon atoms. Typical examples include 
methyl and ethyl groups, and straight-chained or branched propyl, butyl 
and pentyl groups. Particular alkyl groups are methyl, ethyl, /i-propyl. 
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isopropyl, isobutyl, tert-hutyl and 2,2-dimethylpropyl. Derived expressions 
such as «Ci-6 alkoxy", «Ci-6 alkylamino" and «Ci^ alkylsulphonyP are to be 
construed accordingly. 

Suitable alkenyl groups include straight-chained and branched 
alkenyl groups containing from 2 to 6 carbon atoms. Typical examples 
include vinyl, allyl and dimethylallyl groups. 

Suitable alkynyl groups include straight-chained and branched 
alkynyl groups containing from 2 to 6 carbon atoms. Typical examples 
include ethynyl and propargyl groups. 

Suitable cycloalkyl groups include groups containing from 3 to 7 
carbon atoms. Particular cycloalkyl groups are cyclopropyl and cyclohexyl. 

Typical examples of C3-7 cycloalkyl(Ci.6)alkyl groups include 
cyclopropylmethyl, cyclohexylmethyl and cyclohexylethyl. 

Particular indanyl groups include indan-l-yl and indan-2-yl. 
Particular aryl groups include phenyl and naphthyl, preferably 
phenyl. 

Particular aryl(Ci.6)alkyl groups include benzyl, phenylethyl, 
phenylpropyl and naphthylmethyl. 

Suitable heterocycloalkyl groups include azetidinyl, pyrrolidinyl, 
piperidinyl, piperazinyl, morpholinyl and thiomorpholinyl groups. 

Suitable heteroaiyl groups include pyridinyl, quinolinyl, 
isoquinolinyl, pyridazinyl, pyrimidinyl, pyrazinyl, furyl, benzofuryl, 
dibenzofuryl, thienyl, benzthienyl. pyrrolyl, indolyl, pyrazolyl, indazolyl, 
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, imidazolyl, benzimidazolyl, 
25 oxadiazolyl, thiadiazolyl, triazolyl and tetrazolyl groups. 

The expression "heteroaryl(Ci-6)alkyl" as used herein includes 
furylmethyl, furylethyl, thienylmethyl, thienylethyl. oxazolylmethyl, 
oxazolylethyl, thiazolylmethyl, thiazolylethyl, imidazolylmethyl, 
imidazolylethyl, oxadiazolylmethyl. oxadiazolylethyl, thiadiazolylmethyl, 
thiadiazolylethyl, triazolylmethyl, triazolylethyl, tetrazolylmethyl, 
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tetrazolylethyl, pyridinylmethyl, pyridinylethyl, pyrimidinylmethyl, 
P3n-azinylmethyl, quinolinylmethyl and isoquinolinylmethyl. 

The hydrocarbon and heterocycHc groups may in turn be optionally 
substituted by one or more groups selected from Ci^ alkyl, adamantyl, 
5 phenyl, halogen, Ci-e haloalkyl, Ci-e aminoalkyl, trifluoromethyl, hydroxy, 
Ci-6 alkoxy, aryloxy, keto, C1.3 alkylenedioxy, nitro, cyano, carboxy, C2-6 
alkoxycarbonyl, C2-6 alkoxycarbonyl(Ci-6)alkyl, C2-6 alkylcarbonyloxy, 
arylcarbonyloxy, aminocarbonyloxy, C2-6 alkylcarbonyl, arylcarbonyl, Ci^ 
alkylthio, Ci-e alkylsulphinyl, Ci-e alkylsulphonyl, arylsulphonyl, -NR^Rw^ 
10 -NRvCOR-, -NRvC02R«', -NRvS02R^, -CH2NR'S02R^, -NHCONRvRw, 
-CONR^R"', -SO2NRVRW and -CH2SO2NRVRW, in which Rv and R'' 
independently represent hydrogen, Ci-e alkyl, aryl or aryl(Ci^)alkyl. 

The term "halogen" as used herein includes fluorine, chlorine, 
bromine and iodine, especially fluoro or chloro. 
15 The present invention includes within its scope prodrugs of the 

compounds of formula I above. In general, such prodrugs will be 
functional derivatives of the compounds of formula I which are readily 
convertible in vivo into the required compound of formula I. Conventional 
procedures for the selection and preparation of suitiable prodrug 
20 derivatives are described, for example, in Design of Prodrugs, ed. H. 
Bundgaard, Elsevier, 1985. 

Where the compounds according to the invention have at least one 
asymmetric centre, they may accordingly exist as enantiomers. Where the 
compounds according to the invention possess two or more asjonmetric 
25 centres, they may additionally exist as diastereoisomers. It is to be . 

understood that all such isomers and mixtures thereof in any proportion 
are encompassed within the scope of the present invention. 

In one embodiment, the present invention provides a compound of 
formula lA, or a salt or prodrug thereof: 

30 . 
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wherein X, Y, Z and Ri are as defined above. 

Suitably, X represents hydrogen or fluoro. 

In a preferred embodiment, Y represents a chemical bond. 

In another embodiment, Y represents an oxygen atom. 

In a further embodiment, Y represents a -NH- linkage. 

Representative values for the substituent Z include phenyl, 
pyridinyl, thienyl and thiazolyl, any of which groups may be optionally 
substituted. In a favoured embodiment, Z represents an optionally 
substituted phenyl group, in particular monosubstituted phenyl. 

Examples of typical substituents on the group Z include fluoro, 
chloro, methoxy, trifluoromethyl, cyano, nitro, amino, formyl, 
methoxycarbonyl and -CH=NOH; especially fluoro or cyano; Ind more 
especially cyano. 

Specific values of Z include trifluoromethylphenyl, cyanophenyl, 
(cyano)(fluoro)phenyl, nitrophenyl, methoxyphenyl. pyridinyl, fluoro- ' 
pyridinyl, (amino)(chloro)pyridinyI, cyano-pyridinyl, cyano-thienyl, formyl- 
thienyl, methoxycarbonyl -thienyl, thienyl-CH=NOH and thiazolyl. 

Individual values of Z include 2-cyanophenyl, 2-cyano-4- 
fluorophenyl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl and 3-cyanopyridin-2- 



yi 



A particular value of Z is cyanophenyl, especially 2-cyanophenyl. 

Suitably. Ri represents hydrocarbon, a heterocyclic group, halogen, 
trifluoromethyl, cyano, -ORa, -CORa, -COzRa or -CRa=NORb. 

Typical values of Ra include hydrogen and Ci.6 alkyl. Suitably, Ra 
represents hydrogen or methyl. 
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Typical values of include hydrogen, Ci^ alkyl, hydroxy(Ci-6)alkyl 
and di(Ci^)alkylamino(Ci^)alkyl. Suitably, W> represents hydrogen, 
methyl, ethyl, hydroxyethyl or dimethylaminoethyl. Particular values of 
R*' include hydrogen, hydroxyethyl and dimethylaminoethyl. 
5 Illustrative values of Ri include Ci-e alkyl, halo(Ci-6)alkyl, 

dihalo(Ci-6)alkyl, hydroxy(Ci-6)alkyl, Ci-e aIkoxy(Ci-6)alkyl, 
di(Ci.6)alkoxy(Ci.6)alkyl, aryl, heteroaryl, Ci-e alkyl-heteroaryl, 
heteroaryl(Ci^)alkyl, halogen, cyano, trifluoromethyl, Ci^e alkoxy, formyl, 
C2-6 alkylcarbonyl, C2-6 alkoxycarbonyl and -CR«=NORb in which Ra and 
10 Rb are as defined above. 

Specific values of Ri include methyl, fluoromethyl, difluoromethyl, 
trifluoromethyl, hydroxymethyl, methoxymethyl, dimethoxymethyl, 
hydroxyethyl (especially 1-hydroxyethyl), fluoroethyl (especially 1- 
fluoroethyl), difluoroethyl (especially 1,1-difluoroethyl), dimethoxyethyl 
15 (especially 1,1-dimethoxyethyl), isopropyl. hydroxypropyl (especially 2- 
hydroxyprop-2-yl), fluoropropyl (especially 2-fluoroprop-2-yl), tert-hntyl, 
pyridinyl, furyl, thienyl, oxazolyl, methylthiazolyl, methyloxadiazolyl, 
imidazolylmethyl, triazolylmethyl, chloro, methoxy, cyano, formyl, acetyl, 
methoxycarbonyl and -CR2=NOR3, in which R2 represents hydrogen or 
50 methyl, and R3 represents hydrogen, hydroxyethyl or dimethylaminoethyl. 

In one embodiment, Ri represents methyl. In another embodiment, 
Ri represents 2-hydroxyprop-2-yl. In a further embodiment, Ri represents 
trifluoromethyl. 

A particular sub-class of compounds according to the invention is 
5 represented by the compounds of formula IIA, and salts and prodrugs 
thereof: 
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wherein 

represents hydrogen or fluoro; 
5 Z is as defined above; 

represents Ci^ alkyl, halo(Ci-6)alkyl, dihalo(Ci^)alkyl, 
hydroxy(Cz^)alkyl, Ci-e alkoxy(Ci-6)alkyl, di(Ci-6)alkoxy(Ci^)alkyl, aiyl. 
heteroaryl, Ci^ alkyl-heteroaryl, heteroaryl(Ci^)alkyl, halogen, cyano, 
trifluoromethyl, Ci-e alkoxy, formyl, C2-6 alkylcarbonyl, C2.6 alkoxycarbonyl 
10 or -CR4=NOR5; 

R** represents hydrogen or Ci-e alkyl; and 
R5 represents hydrogen, Ci-e alkyl, hydroxy(Ci-6)alkyl or 
di(Ci-6)alkylamino(Ci-6)alkyl. 

In one embodment. Xi represents hydrogen. In another 
15 embodiment, X^ represents fluoro. 

Suitably, R* represents hydrogen or methyl. 

Suitably, R5 represents hydrogen, methyl, ethyl, hydroxyethyl or 
dimethylaminoethyl. Particular values of Rs include hydrogen, 
hydroxyethyl and dimethylaminoethyl. 

Where Rn represents heteroaryl, this group is suitably pyridinyl, 
furyl, thienyl or oxazolyl. 

Where Rn represents C1.6 alkyl-heteroaryl, this group is suitably 
methylthiazolyl (e.g. 2-methylthiazol-5-yl) or methyloxadiazolyl (e.g. 3- 
methyl-[l,2,4]oxadiazol-5-yl). 



20 



SOOCID: <WO 030064e4A1 I > 



wo 03/006464 




PCT/GB02/03077 



Where Rn represents heteroaryl(Ci.6)alkyl, this group is suitably 
imidazolylmethyl or triazolylmethyl. 

Representative values of Rii include methyl, fluoromethyl, 
difluoromethyl, trifluoromethyl, hydroxjnnethyl, methoxymethyl, 
5 dimethoxymethyl, hydroxyethyl (especially l-hydroxyethyl), fluoroethyl 
(especially 1-fluoroethyl), difluoroethyl (especially 1,1-difluoroethyl), 
dimethoxyethyl (especially 1,1-dimethoxyethyl), isopropyl, hydroxypropyl 
(especially 2-hydroxyprop-2-yl), fluoropropyl (especially 2-fluoroprop-2-yl), 
^er^-butyl, pyridinyl, furyl, thienyl, oxazolyl, methyl thiazolyl, 
10 methyloxadiazolyl, imidazolylmethyl, triazolylmethyl, chloro, methoxy, 
cyano, formyl, acetyl, methoxycarbonyl and -CR2=NOR3, in which R2 and 
R3 are as defined above. 

In the preceding compounds of formulae I, lA and IIA, Z is aptly an 
optionally substituted phenyl group wherein there are one or two optional 
15 substituents selected from fluorine, cyano, trifluoromethyl; or a 

pharmaceutically acceptable salt thereof and is preferably a phenyl, 
monofluorophenyl, difluorophenyl, trifluoromethylphenyl, cyanophenyl or 
cyanofluorophenyl group; or a pharmaceutically acceptable salt thereof. 

In one embodiment, Rii represents methyl. In another embodiment, 
20 Rii represents 2-hydroxyprop-2-yL In a further embodiment, R" 
represents trifluoromethyl. 

A representative subset of the compounds of formula IIA above is 
represented by the compounds of formula IIB, and salts and prodrugs 
thereof: 
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wherein Xi and Rn are as defined with reference to formula IIA above. 

Specific compounds within the scope of the present invention 
include: 

3'-(7-methyl-fl,8]naphthyridin-4-yl)biphenyl-2-carbonitrile; 
2'-fiuoro-5'-(7-methyl-{l,8Jnaphthyridin-4-yl)biphenyl-2-carbonitrile; 

6,2'-difluoro-5'-(7-trifluoromethyl[l,81naphthyridin-4-yl)biphenyl-2-' 
carbonitrile; 

5-(4-fluoro-3-pyridin-3-ylphenyl)-2-trifluoromethyl[l,8]naphthyridine; 

5-(4-fluoro-3-pyridin-4-ylphenyl).2-trifluoromethyl[l,8]naphthyridine;' 
5- [4-fl uoro-3-(3-fiuoropyridin-2-yl)phenyl] -2- 

trifluoromethyl[l,8Jnaphthyridine; 

3,2'-difluoro-5'-(7-trifluoromethyl-[l,8Jnaphthyridin-4-yl)biphenyl-2- 
carbonitrile; 

4,2'-difluoro-5'-(7-trifluoromethyl-[l,81naphthyridin-4-yl)biphenyl.2- 
carbonitrile; 

5,2'-difiuoro-5'-(7-trifluoromethyl-[1.8]naphthyridin-4-yl)biphenyl-2- 
carbonitrile; 

4- fluoro-3'-(7-trifluoromethyl(l,8]naphthyridin-4-yl)biphenyl-2- 
carbonitrile; 

5- (2-fluoro-3-pyridin-2-ylphenyl)-2-trifluoromethyl-[l,8]naphthyridine; 
5-(2-fluoro-3-pyridin-3-ylphenyi)-2-trifluoromethyl-[l,8]naphthyridine;* 
5-(2-fluoro-3-pyridin-4-ylphenyl)-2-trifluoromethyl-[l,8]naphtH-yridine;' 
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5-(2,4-difluoro-3-pyridin-3-ylphenyl)-2-trifluoromethyl[l,81naphthyridine; 

5- (2,4-difluoro-3-pyridin-4-ylphenyl)-2-trifluoromethyi[l,8]naphthyridine; 

3'-fluoro-5'-(7-trifluoromethyl-[l,8]naphthyridin-4-yl)biphenyl-2- 
carbonitrile; 

5 2'-fluoro-5'-(7-trifluoromethyl-[l,8]naphthyridin-4-yl)biphenyl-3- 
carbonitrile; 

2'-Ouoro-5'-(7-trifluoromethyl(l,8]naphthyridin-4-yl)biphenyl-4- 
carbonitrile; 

6- (6-fluoro-2'-methanesulfonylbiphenyl-3-yl)-2-trifluoromethyl[l,8]- 
10 naphthyridine; 

5-(3'-methoxybiphenyl-3-yl)-2-trifluoromethyl(l,8]naphthyridine; 

5-[4-fluoro-3-(3-fluorop3Tidin-4-yl)phenylJ-2- 

trifluorome thy Ul,8J naphthyridine; 

2-[2-fluoro-5-(7-trifluoromethyl[l,8]naphthyridin-4- 
15 yDphenyllnicotinonitrile; 

2-[2-fluoro-5-(7-trifluoromethyl[l,81naphthyridin-4- 
yDphenylJnicotinamide; 

5-(3-fluoro-5-pyridin-3-ylphenyl)-2-trifluoromethyl[l,8]naphthyridine; 

5-(4-fluoro-3-pyrimidin-4-ylphenyl)-2-trifluoroinethyl[l,8]naphthyridine; 
20 6-I3-(2-methyl-2H-tetrazol-5-yl)phenyl]-2- 
trifluoromethyl(l,8]naphthyridine; 

5-(3-£uran-2-ylphenyl)-2-trifluoromethyl[l,8]naphthyridine; 

5-[3-(pyridin-2-ylmethoxy)phenyl]-2-trifluoromethyl[l,8]naphthyridine; 
5-(4-fluoro-3-xnorpholin-4-ylmethylphenyl)-2- 
25 trifluoromethyl [1 ,8] naphthyridine; 

5-(3-(3,5-dinuoropyridin-2-yl)-4-fluorophenyl]-2-trifluoromethyl(l,8]- 
naphth3Tidine; 

2'-nuoro-5'-(7-trifluoromethyl[l,8]naphthyridin-4-yl)biphenyl-2- 
carbonitrile; 

30 5-(4-fluoro-3-pyridin-2-yl)-2-trifluoromethyl[l,8]naphthyridine; 
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6.2'-difluoro-5'.(7-trifluoromethyl[l,8]naphthyridin-4-yl)biphenyl-3- 
carbonitrile; 

5-(4-fluoro-3-methoxyphenyl)-2-trifluoromethyl[l,8]naphthyridine; 
5-(3'-chloro-6-fluorobiphenyl-3-yl)-2-trifluoromethyl[l,8]naphthyridine; 

5 ^-f2'-fluoro-5'-(7-trifluoromethyl[l,8Jnaphthyridin.4.yl)biphenyl-3- 
yljacetamide; 

l-f2'-fluoro-5'-(7-trifluoromethyl[l,8]naphthyridin-4-yl)biphenyl.3- 
yljethanone; 

5-(6-fluoro-2'-met.hoxybiphenyl-3-yl)-2-trifluoromethyl[l,8]naphthyridine; 
10 5-(6-fluoro-2'-trifluoromethylbiphenyl-3.yl).2- 

trifluoromethyl[l,8]naphthyridine; 

5-(4-fluoro-3-pyrimidin-5-ylphenyl)-2-trifluoromethyl[l,81naphthyridine; 
5-(4-nuoro-3-quinolin-6-ylphenyl)-2-trifluoromethyl[l,8]naphthyridine; 
5-(4-fluoro-3-thiazol-2-ylphenyl).2-trifluoromethyl[l,8Jnaphthyridine; 
15 5-(4-fluoro-3-pyrazin-2-ylphenyl)-2-trifluoromethyl[l,8]naphthyridine; 

5-(4-fluoro-3-trifluoromethylphenyl).2-trifluoromethyl[l,8]naphthyridine; 
2-fluoro-5-(7-trifluoromethyl[l,8]naphthyridine-4-yl)benzonitrile; 

2-[6-(7-trifluoromethyl[l,8]naphthyridin-4-yl)pyridin-2-yl]benzonitrile; 
5-[4-fluoro-3-(pyridin-3-ylmethoxy)phenyl]-2- 
20 trifluoromethyl[l,8]naphthyridine; 

5-[4-fluoro-3-(pyridin-4-ylmethoxy)phenyl]-2- 
trifluoromethyl[l,8]naphthyridine; 

5-[4-fluoro-3-(pyridin-2-yloxy)phenylJ-2-trifluoromethyl(l,8]naphthyridine; 
(2-fluoro-5-(7-.trifluoromethyl[1.8Inaphthyridin-4-yl)phenoxy]acetonitrile; 

2-(2-fluoro-5-(7-trifluoromethyl[l,8]naphthyridin-4-yl)phenoxy]-iV^- 
dimethylacetamide; 

5-[4-fluoro-3-(2-methyl-2i/-[l,2,4Jtriazol-3-ylmethoxy)phenylJ-2- 
trifluoromethyUl,8]naphthyridine; 

5-[4-fluoro-3-(l-methyl-m-[l,2,3]triazol-4-ylmethoxy)phenylJ-2- 
30 trinuoromethyl[l,8]naphthyridine; 

5-(4-fluorophenyl)-2-trinuoromethyl(1.8]naphthyridine; 
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2'-fluoro-5'-[7-(2-fluorophenyl)-[l,8]naphthyridin-4-yl]biphenyl-2- 
carbonitrile; 

2'-fluoro-5'-[7-(pyridin-3-yl)-[l,8]naphthyridin-4-yl]biphenyI-2-carbonitrile; 

2'-fluoro-5'-[7-(thiazol-2-yl)-[l,8]naphthyridin-4-yl]biphenyl-2-carbonitrile; 

5 5'-[7-acetyl-(l,81naphthyridin-4-yl]-2'-fluorobiphenyl-2-carbonitrile; 

2'-fluoro-6'-[7-(l-hydroxy-l-methylethyl)-ri,81naphthyridin-4-yllbiphenyI- 
2-carbonitrile; 

and salts and prodrugs thereof. 

Also provided by the present invention is a method for the 

10 treatment and/or prevention of anxiety which comprises administering to 
a patient in need of such treatment an effective amount of a compound of 
formula I as defined above or a pharmaceutically acceptable salt thereof or 
a prodrug thereof. 

Further provided by the present invention is a method for the 

15 treatment and/or prevention of convulsions (e.g. in a patient suffering from 
epilepsy or a related disorder) which comprises administering to a patient 
in need of such treatment an effective amount of a compound of formula I 
as defined above or a pharmaceutically acceptable salt thereof or a 
prodrug thereof 

20 The binding aflfmity (Ki) of the compounds according to the present 

invention for the oS subunit of the human GABAa receptor is conveniently 
as measured in the assay described hereinbelow. The a3 subunit binding 
affinity (Ki) of the compounds of the invention is ideally 50 nM or less, 
preferably 10 .nM or less, and more preferably 5 nM or less. 
25 The compounds according to the present invention will ideally elicit 

at least a 40%, preferably at least a 50%, and more preferably at least a 
60%, potentiation of the GABA EC20 response in stably transfected 
recombinant cell lines expressing the aS subunit of the human GABAa 
receptor. Moreover, the compounds of the invention will ideally elicit at 
most a 30%, preferably at most a 20%, and more preferably at most a 10%, 
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potentiation of the GABA EC20 response in stably transfected recombinant 
cell lines expressing the al subunit of the human GABAa receptor. 

The potentiation of the GABA EC20 response in stably transfected 
cell lines expressing the (x3 and al subunits of the human GABAa receptor 
can conveniently be measured by procedures analogous to the protocol 
described in Wafford et al., Mol Pharmacol., 1996, 50, 670-678. The 
procedure will suitably be carried out utilising cultures of stably 
transfected eukaryotic cells, typically of stably transfected mouse Ltk- 
fibroblast cells. 

The compounds according to the present invention exhibit anxiolytic 
activity, as may be demonstrated by a positive response in the elevated 
plus maze and conditioned suppression of drinking tests (cf. Dawson et al., 
Psychopharmacology, 1995, 121, 109-117). Moreover, the compounds of ' 
the invention are substantially non-sedating, as may be confirmed by an 
appropriate result obtained from the response sensitivity (chain-pulling) 
test (cf Bayley aZ., J. PsychopharmacoL, 1996, 10, 206-213). 

The compounds according to the present invention may also exhibit 
anticonvulsant activity. This can be demonstrated by the abihty to block 
pentylenetetrazole-induced seizures in rats and mice, following a protocol 
analogous to that described by Bristow et al. in J. Pharmacol. Exp. Ther 
1996, 279, 492-501. 

In order to elicit their behavioural effects, the compounds of the 
invention will ideally be brain-penetrant; in other words, these compounds 
will be capable of crossing the so-called "blood-brain barrier". Preferably, 
the compounds of the invention will be capable of exerting their beneficial 
therapeutic action following administration by the oral route. 

The invention also provides pharmaceutical compositions 
comprising one or more compounds of this invention in association with a 
Pharmaceutically acceptable carrier. Preferably these compositions are in 
unit dosage forms such as tablets, pills, capsules, powders, granules, 
sterile parenteral solutions or suspensions, metered aerosol or nquid 
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sprays, drops, ampoules, auto-injector devices or suppositories; for oral, 
parenteral, intranasal, sublingual or rectal administration, or for 
administration by inhalation or insufflation. For preparing solid 
compositions such as tablets, the principal active ingredient is mixed with 
5 a pharmaceutical carrier, e.g. conventional tableting ingredients such as 
corn starch, lactose, sucrose, sorbitol, talc, stearic acid, magnesium 
stearate, dicalcium phosphate or gums, and other pharmaceutical 
diluents, e.g. water, to form a solid preformulation composition containing 
a homogeneous mixture of a compound of the present invention, or a 
10 pharmaceutically acceptable salt thereof When referring to these 

preformulation compositions as homogeneous, it is meant that the active 
ingredient is dispersed evenly throughout the composition so that the 
composition may be readily subdivided into equally effective unit dosage 
forms such as tablets, pills and capsules. This solid preformulation 
15 composition is then subdivided into unit dosage forms of the type described 
above containing from 0,1 to about 500 mg of the active ingredient of the 
present invention. Typical unit dosage forms contain from 1 to 100 mg, for 
example 1, 2, 5, 10, 25, 50 or 100 mg, of the active ingredient. The tablets 
or pills of the novel composition can be coated or otherwise compounded to 
20 provide a dosage form affording the advantage of prolonged action. For 
example, the tablet or pill can comprise an inner dosage and an outer 
dosage component, the latter being in the form of an envelope over the 
former. The two components can be separated by an enteric layer which 
serves to resist disintegration in the stomach and permits the inner 
25 component to pass intact into the duodenum or to be delayed in release. A 
variety of materials can be used for such enteric layers or coatings, such 
materials including a number of polymeric acids and mixtures of polymeric 
acids with such materials as shellac, cetyl alcohol and cellulose acetate. 
The liquid forms in which the novel compositions of the present 
30 invention may be incorporated for administration orally or by injection 
include aqueous solutions, suitably flavoured syrups, aqueous or oil 
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suspensions, and flavoured emulsions with edible oils such as cottonseed 
oil, sesame oil, coconut oil or peanut oil, as well as elixirs and similar 
pharmaceutical vehicles. Suitable dispersing or suspending agents for 
aqueous suspensions include synthetic and natural gums such as 
5 tragacanth, acacia, alginate, dextran, sodium carboxymethylcellulose, 
methylcellulose, polyvinyl-pyrrolidone or gelatin. 

In the treatment of anxiety, a suitable dosage level is about 0.01 to 
250 mg/kg per day, preferably about 0.05 to 100 mg>Tcg per day, and 
especially about 0.05 to 5 mg/kg per day. The compounds may be 
10 administered on a regimen of 1 to 4 times per day. 

The compounds in accordance with the present invention may be 
prepared by a process which comprises reacting a compound of formula III 
with a compound of formula IV: 



15 



20 



25 





Y— z 



wherein X, Y, Z and Ri are as defined above, U represents a suitable 
leaving group, and represents a boronic acid moiety -B(OH)2 or a cyclic 
ester thereof formed with an organic diol, e.g. pinacol, or Mi represents 
-Sn(Alk)3 in which Alk represents a Ci-e alkyl group, typically n-butyl; in 
the presence of a transition metal catalyst. 

The leaving group U is typically a halogen atom, e.g. chloro. 
The transition metal catalyst of use in the reaction between 
compounds III and IV is suitably tris(dibenzylideneacetone)di- 
palladium(O). The reaction is conveniently carried out at an elevated 
temperature in a solvent such as tetrahydrofuran. advantageously in the 
presence of potassium fluoride and tri-ferf-butylphosphine. 
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In an alternative procedure, the compounds according to the present 
invention in which Y represents a chemical bond may be prepared by a 
process which comprises reacting a compound of formula V with a 
compound of formula VI: 




wherein X, Z, Ri, and are as defined above; in the presence of a 
transition metal catalyst; under conditions analogous to those described 
10 above for the reaction between compounds III and IV. 

In another procedure, the compounds according to the present 
invention in which Y represents an oxygen atom may be prepared by a 
process which comprises reacting a compound of formula VI as defined 
above with a compound of formula VII: 

15 




OH 



wherein X and Ri are as defined above. 
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The reaction is conveniently carried out under basic conditions, e.g. 
using sodium hydride in a solvent such as iV;Ar-dimethylformamide, 
typically at an elevated temperature which may be in the region of 120°C. 

In a further procedure, the compounds according to the present 
invention in which Y represents a -NH- linkage may be prepared by a 
process which comprises reacting a compound of formula VI as defined 
above with a compound of formula VIII: 




(VIII) 



wherein X and Ri are as defined above. 

In relation to the reaction between compounds VI and VIII, the 
leaving group in the compounds of formula VI may suitably represent 
fluoro. 

The reaction between compounds VI and VIII is conveniently 
carried out by heating the reactants, typically at a temperature in the 
region of 120°C, in a solvent such as iV;iSr-dimethylformamide. 

Where Mi in the intermediates of formula IV and V above 
represents a cyclic ester of a boronic acid moiety -B(OH)2 formed with 
pinacol, the relevant compound IV or V may be prepared by reacting 
bis(pinacolato)diboron with a compound of formula IVA or VA: 
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Y— Z 



(IVA) 




(VA) 



10 



15 



20 



wherein X, Y, Z and Ri are as defined above, and L2 represents hydroxy or 
a suitable leaving group; in the presence of a transition metal catalyst. 

Where U represents a leaving group, this is tjrpically 
trifluoromethanesulfonyloxy (triflyloxy); or a halogen atom such as bromo. 

The transition metal catalyst of use in the reaction between 
bis(pinacolato)diboron and compound IVA or VA is suitably dichloro(l,l'- 
bis(diphenylphosphino)ferrocene]palladium(II). The reaction is 
conveniently carried out at an elevated temperature in a solvent such as 
1,4-dioxane, optionally in admixture with dimethylsulfoxide, typically in 
the presence of l,l'-bis(diphenylphosphino)ferrocene and/or potassium 
acetate. 

Where L2 in the intermediates of formula VA above represents 
triflyloxy, the relevant compound VA may be prepared by reacting the 
appropriate compound of formula VII as defined above with AT-phenyl- 
triflimide, typically in the presence of triethylamine. Analogous conditions 
may be utilised for converting an intermediate of formula IVA above 
wherein L2 represents hydroxy into the corresponding compound wherein 
L2 represents triflyloxy. 

The intermediates of formula VII above may suitably be prepared 
fi-om the appropriate methoxy-substituted precursor of formula IX: 
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OCH3 



(IX) 



wherein X and Ri are as defined above; by treatment with boron 
tribromide or with hydrogen bromide. 

The intermediates of formula VIII and IX above may be prepared by 
reacting a compound of formula III as defined above with the appropriate 
compound of formula X: 



10 
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20 




(X) 



wherein X and are as defined above, and represents amino or 
methoxy; in the presence of a transition metal catalyst; under conditions 
analogous to those described above for the reaction between compounds III 



and IV. 



In relation to the reaction between compounds III and X, the 
transition metal catalyst utilised is suitably 

tetrakis(triphenylphosphine)palladium(0), in which case the reaction is 
conveniently effected at an elevated temperature in a solvent such as 
toluene/ethanol, typically in the presence of sodium carbonate. 

In a yet further procedure, the compounds according to the present 
invention wherein X represents hydrogen and Ri represents an aryl or 
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heteroaryl moiety may be prepared by a process which comprises reacting 
a compound of formula XI with a compound of formula XII: 



r1» — B(OH)2 



(XI) 

wherein Y and Z are as defined above, Ria represents an aryl or heteroaryi 
moiety, and L3 represents a suitable leaving group; in the presence of a 
transition metal catalyst. 

The leaving group L3 is typicaUy a halogen atom, e.g. chloro. 
The transition metal catalyst of use in the reaction between 
compounds XI and XII is suitably tris(dibenzylideneacetone)- 
dipaliadium(O), in which case the reaction is conveniently effected at an 
elevated temperature in a solvent such as 1,4-dioxane, typically in the 
presence of tri-tert-butylphosphine and cesium carbonate. 

Where L3 in the compounds of formula XII above represents a 
halogen atom, these compounds correspond to compoimds of formula I as 
defined above wherein Ri represents halogen, and they may therefore be 
prepared by any of the methods described above for the preparation of the 
compounds according to the invention. 

The intermediates of formula III above may be prepared by the 
procedure described inAust J. Chem., 1984, 37, 1065-73, or by methods 
analogous thereto. 

Where they are not commercially available, the starting materials 
of formula VI, X and XI may be prepared by methods analogous to those 




(XII) 
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described in the accompanying Examples, or by standard methods well 
known from the art. 

It will be understood that any compound of formula I initially 
obtained from any of the above processes may, where appropriate, 
subsequently be elaborated into a further compound of formula I by 
techniques known from the art. For example, a compound of formula I 
wherein Ri represents C2.6 alkoxycarbonyl initially obtained may be 
reduced with lithium aluminium hydride to the corresponding compound 
of formula I wherein Ri represents hydroxymethyl. The latter compound 
may then be oxidised to the corresponding compound of formula I wherein 
Ri represents formyl by treatment with manganese dioxide. The formyl 
derivative thereby obtained may be condensed with a hydroxylamine 
derivative of formula HaN-ORb to provide a compound of formula I wherein 
Ri represents -CH=NORb. Alternatively, the compound of formula I 
wherein Ri represents formyl may be reacted with a Grignard reagent of 
formula R-MgBr to afford a compound of formula I wherein Ri represents 
-CH(OH)R«, and this compound may in turn be oxidised using manganese 
dioxide to the corresponding compound of formula I wherein Ri represents 
-COR^ The latter compound may then be condensed with a 
hydroxylamine derivative of formula HaN-ORb to provide a compound of 
formula I wherein Ri represents -CR"=NORb 

Where a mixture of products is obtained from any of the processes 
described above for the preparation of compounds according to the 
invention, the desired product can be separated therefrom at an 
appropriate stage by conventional methods such as preparative HPLC; or 
column chromatography utilising, for example, silica and/or alumina in 
conjunction with an appropriate solvent system. 

Where the above-described processes for the preparation of the 
compounds according to the invention give rise to mixtures of 
stereoisomers, these isomers may be separated by conventional techniques 
such as preparative chromatography. The novel compounds may be 
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prepared in racemic form, or individual enantiomers may be prepared 
either by enantiospecific synthesis or by resolution. The novel compounds 
may, for example, be resolved into their component enantiomers by 
standard techniques such as preparative HPLC, or the formation of 
5 diastereomeric pairs by salt formation with an optically active acid, such 
as (-)-di-p-toluoyl-d-tartaric acid and/or (+)-di-p-toluoyl-l-tartaric acid, 
followed by fractional crystallization and regeneration of the free base. 
The novel compounds may also be resolved by formation of diastereomeric 
esters or amides, followed by chromatographic separation and removal of 
10 the chiral auxiliary. ' -^^S^^^iii»*»>?^sSap^^. ?- - 

During any of the above synthetic sequences it may be necessary 
and/or desirable to protect sensitive or reactive groups on any of the 
molecules concerned. This may be achieved by means of conventional 
protecting groups, such as those described in Protective Groups in Organic 
15 Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973; and T.W. Greene & 
P.G.M. Wuts, Protective Groups in Organic Synthesis, John Wiley & Sons, 
1991. The protecting groups may be removed at a convenient subsequent 
stage using methods known from the art. 

The following Examples illustrate the preparation of compounds 
20 according to the invention. 

The compounds in accordance with this invention potently inhibit 
the binding of PHJ-flumazenil to the benzodiazepine binding site of human 
GABAa receptors containing the a2 or a3 subunit stably expressed in Ltk- 
cells. 

25 

Reagents 

• Phosphate buffered saline (PBS). 

• Assay buffer: 10 mM KH2PO4, 100 mM KCl, pH 7.4 at room temperature. 

• ra-Flumazenil (18 nM for aiP3Y2 cells; 18 nM for a2p3Y2 cells; 10 nM 
30 for a3p3Y2 cells) in assay buffer. 

• Flunitrazepam 100 fiM in assay buffer. 
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• Cells resuspended in assay buffer (1 tray to 10 ml). 

Harvesting Cells 

Supernatant is removed from cells. PBS (approximately 20 ml) is 
added. The cells are scraped and placed in a 50 ml centrifuge tube. The 
procedure is repeated with a further 10 ml of PBS to ensure that most of 
the cells are removed. The cells ai^ pelleted by centrifuging for 20 min at 
3000 rpm in a benchtop centrifuge, and then frozen if desired. The pellets 
are resuspended in 10 ml of buffer per tray (25 cm x 25 cm) of cells. 

Assay 

Can be carried out in deep 96-well plates or in tubes. Each tube 

contains: 

• 300 ^1 of assay buffer. 

• 50 ^1 of PHJ-flumazenil (final concentration for alp3Y2: 1.8 nM; for 
a2p3Y2: 1.8 nM; for a3P3Y2: 1.0 nM). 

• 50 Hi of buffer or solvent carrier (e.g. 10% DMSO) if compounds are 
dissolved in 10% DMSO (total); test compound or flunitrazepam (to 
determine non-specific binding), 10 mM final concentration. 

• 100 jid of cells. 

Assays are incubated for 1 hour at 40«'C, then filtered using either a 
Tomtec or Brandel cell harvester onto GF/B filters followed by 3 x 3 ml 
washes with ice cold assay buffer. Filters are dried and counted by liquid 
scmtiUation counting. Expected values for total binding are 3000-4000 
dpm for total counts and less than 200 dpm for non-specific binding if 
using liquid scintillation counting, or 1500-2000 dpm for total counts and 
less than 200 dpm for non-specific binding if counting with meltilex solid 
scmtillant. Binding parameters are determined by non-linear least 
squares regression analysis, from which the inhibition constant K, can be 
calculated for each test compound. 
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The compounds of the accompanying Examples were tested in the 
above assay, and all were found to possess a Ki value for displacement of 
PHJ-flumazenil from the a2 and/or a3 subunit of the human GABAa 
receptor of 100 nM or less. 

5 

EXAMPLE 1 



3V7-Methvl-ri.81napht hvridin-4-vl)biphenvl-2-carbonitrilfi 

10 a) 3^-Aminobiphenvl-2-carbonitrile 

A mixture of 2-bromobenzonitrile (9.1 g, 50 mmol), 3- 
aminobenzeneboronic acid monohydrate (11.6 g, 75 mmol) and 
tetrakis(triphenylphosphine)palladium(0) (1.73 g, 1.5 mmol) in 1,2- 
dimetho:qrethane (50 ml) and 2M sodium carbonate solution (25 ml) was 

15 heated at SO'C for 20 h. After cooling to ambient temperature the reaction 
was partitioned between ethyl acetate (400 ml) and water (400 ml). The 
organics were washed with brine (400 ml), dried over anhydrous sodium 
sulfate, filtered and concentrated in vacuo. Purification of the residue by 
chromatography on silica gel, eluting with isohexane on a gradient of ethyl 

20 acetate (0-25%) gave 3'-aminobiphenyl-2-carbonitrile as a colourless oil 
that solidified on standing to afford a white solid (9.5 g, 98%): 5h (400 
MHz, CDCI3) 3.79 (2H, br), 6.75 (IH, ddd, J 8, 3 and 1), 6.84 (IH, dd, J 3 
and 3), 6.92 (IH, dd, J 8 and 3). 7.25 (IH, dd, J 8 and 8), 7.40 (IH, ddd, J 
8, 8 and 1), 7.50 (IH, dd, J 8 and 1), 7.62 (IH, ddd, 8, 8 and 1), 7.73 (IH, 
25 dd, J 8 and 1). 

b) 3^-HvdroxvbiDhenvl-2-carbonitrile 

A solution of 3'-aminobiphenyl-2-carbonitrile (10.9 g, 56 mmol) in 
1,4-dioxane (30 ml) was treated with a solution of 25% aqueous sulfuric 
30 acid (150 ml). The resulting suspension was cooled to O'C before being 

treated dropwise over 10 minutes with a solution of sodium nitrite (4.6 g. 
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67 mmol) in water (10 ml). After stirring at 0»C for 30 minutes the 
reaction was poured into hot (70-C) water C500 ml). On cooling to ambient 
temperature the product was extracted into ethyl acetate (500 ml), the 
organics were washed with water (300 ml), brine (300 ml) and dried over 
5 anhydrous sodium sulfate. Filtration and concentration in vacuo afforded 
3'-hydroxybiphenyl-2-carbonitrile as a dark oil (7.1 g, 65%): 6„ (400 MHz 
CDCI3) 5.40 (IH, br), 6.92 (IH. ddd, J 8, 3 and 1), 7.04 (IH, dd. J 3 and 3) 

7.11(lH.ddd,J8,3andl).7.35(lH.dd,^8and8),7.44(lH,ddd JS 8 
and 1). 7.51 (IH, dd. J 8 and 1). 7.64 (IH, ddd, J 8, 8 and 1), 7.75 (IH dd 
) J 8 and 1). ' ' 

clljifluoromethanesulfonir ^riA 9-..y.„^ ^phenvl-q-y T oof.^ 

3'-Hydroxybiphenyl-2-carbonitrile (0.48 g. 2.47 mmol) and dry 
pyridine (0.98 g, 12.35 mmol) were dissolved in dichloromethane (7 ml) 
and cooled to O^C before dropwise addition of trifluoromethanesulfonic 
anhydride (1.04 g, 3.70 mmol) over 5 min. The mixture was stirred at O^C 
for 10 min and then at 25°C for 1 h. The solvent was evaporated in vacuo 
and the residue partitioned between ethyl acetate (200 ml) and water (150 
ml). The organic layer was washed with brine (150 ml), dried over 
anhydrous sodium sulfate and evaporated to give a brown oil. Purification 
by s.hca gel chromatography eluting with isohexane on a gradient of ethyl 
acetate (0-30%) gave trifluoromethanesulfonic acid 2'-cyanobiphenyl.3-yl 
ester as a yellow oil (544 mg, 67%): 6h (400 MHz, CDCI3) 7.37 (IH ddd J 
8. 3 and 1). 7.59 (IH. dd, .73 and 3). 7.50-7.60 (2H, m), 7.61-7.65 (2H. m) 
7.64 (IH. td, J- 8 and 1), 7.80 (IH, dd, J 8 and 1). 

Trifluoromethanesulfonic acid 2'-cyanobiphenyl-3-yl ester (0.55 g, 
1.66 mmol). potassium acetate (0.49 g, 4.98 mmol) and 
bis(pinacolato)diboron (0.55 g. 2.16 mmol) were dissolved in 1,4-dioxane 
(10 ml) and the mixture degassed with N2 for 15 min. DichloroU.r- 
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bis(diphenylphosphino)ferrocene]palladium(II)dichloromethane adduct 
(41 mg, 0.05 mmol) and l,l'-bis(diphenylphosphino)ferrocene (28 mg, 0.05 
mmol) were then added and the mixture heated at 85°C for 18 h. The 
mixture was cooled to ambient temperature, filtered and the filter cake 
5 washed with diethyl ester. The filtrate was evaporated to dryness and 
partitioned between diethyl ether (25 ml) and IN sodium hydroxide 
solution (25 ml). The aqueous layer was washed with more diethyl ether 
then made acidic (pH 6) with 4N hydrochloric acid. The resulting solid 
was collected by filtration and dried in vacuo to give 3*-(4,4,5,5- 
10 tetramethyl-[l,3,2]dioxaborolan-2-yl)biphenyl-2-carbonitrile as a cream- 
coloured solid (430 mg, 85%): 5h (400 MHz, CDCI3) 1.36 (12H, s), 7.43 (IH, 
ddd, J 8, 8 and 1.5), 7.48-7.57 (2H, m), 7.62 (2H, ddd, J 8, 8 and 1.5), 7.68- 
7.71 (IH, m), 7.74-7.77 (IH. m), 7.87-7.90 (IH, m), 7.92-7.94 (IH, m). 

15 e) 3^-(7-Methvl-ri.81na phthvridin-4-vl)biphenvl-2-carhonitHlP 

A mixture of tris(diben2ylideneacetone)dipalladium(0) (23 mg, 0.025 
mmol), 3'-(4,4,5,5-tetramethyl[l,3,2]dioxaborolan-2-yl)biphenyl-2- 
carbonitrile (384 mg, 1.3 mmol), potassium fiuoride (161 mg, 2.8 mmol) 
and 5-chloro-2-methyl-(l,8]naphthyridine (prepared as described by G.B. 
20 Barlin and W.L. Tan. Aust. J. Chem., 1984, 37, 1065-73; 150 mg, 0.84 

mmol) was degassed by evacuating the reaction vessel and refilling it with 
nitrogen. Tri-fe/t-butylphosphine (0.50 ml of a 0.1 M solution in THF) and 
THP (15 ml) were added, and the mixture was degassed via three "ft-eeze- 
thaw" cycles before stirring under nitrogen for 18 h. The solvent was 
25 removed in vacuo, and the residue was purified by flash chromatography 
on silica gel, eluting with 10% to 100% EtOAc in dichloromethane, 
yielding 3'-(7-methyl-[l,8]naphthyridin-4-yl)biphenyl-2-carbonitrile as a 
white solid (22 mg, 8%): 6h (400 MHz, CDCI3) 2.83 (3H, s), 7.40 (IH, d, J 
8.2), 7.45 (IH, d, J4.3), 7.48-7.52 (IH, m), 7.57-7.60 (IH. m), 7.59 (IH, s), 
7.67-7.71 (4H, m), 7.82 (IH, dd, J 0.8 and 7.8), 8.36 (IH, d, J 8.6), 9.11 
(IH, d, J 4.3); m/z (ES+) 322 (MH]+. 
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EXAMPLE 2 

2:iFlu^-5M7-methYl-n «1nanhthvridin.4.vnh,phPnvl-9-.o.K.^..^,^ 

aI2,(2^ 1uoro-5-nitrophenY])-4,4,5,5-tetTamPth vl-fia 

A mixture of 2-bromo-l-fluoro-4-nitroben2ene (prepared according to 
the procedure of Groweiss in Org. Proc. Res. Dev., 2000, 4(1), 30-33) (66 g, 
300 mmol), potassium acetate (58.9 g, 600 mmol), bis(pinacolato)diboron ' 
(83.8 g, 330 mmol) and dichloro[l,r-bis(diphenylphosphino)ferrocene]- 
palladium(II) dichloromethane adduct (7.35 g, 9 mmol) in 1,4-dioxane (900 
ml containing 18 ml dimethylsulfoxide) was degassed with nitrogen for 1 h 
then heated at 90°C for 14 h. The reaction was cooled to ambient 
temperature and then concentrated in vacuo. The residue was stirred 
with 2N sodium hydroxide (1 1) for 10 min then filtered. The filtrate was 
extracted with diethyl ether (2 x 750 ml) and the organics discarded. The 
aqueous component was cooled to O-C then treated with 36% hydrochloric 
acid (ca. 175 ml) added dropwise over 15 min until pH 5. The resulting 
precipitate was allowed to stand at Q^C for 2 h then filtered and washed 
with ice-cold water. The sand-coloured solid was dried under vacuum (300 
mmHg) over phosphorus pentoxide to afford 2-(2-fluoro-5-nitrophenyl)- 
4,4,5.5-tetramethyl-[l,3,2]dioxaborolane (76.1 g, 95%): Sh (400 MHz, 
CDC13) 1.38 (12H, s), 7.17 (IH, dd. J 9 and 9), 8.32 (IH, ddd. J 9. 5 and 3) 
8.64(lH,dd,./5and3). 

b) 2^-Fluoro-5^-nif.rnh,p henvl-2-r«rhnr,,f^,^^ 

A mixture of 2-bromobenzonitrile (34.6 g, 190 mmol). 2-(2-fluoro-5- 
nitrophenyl)-4,4.5,5-tetramethyl-(l,3,2]dioxaborolane (76.1 g, 285 mmol) 
and potassium fluoride (36.4 g. 627 mmol) in tetrahydrofuran (600 ml) was 
degassed with nitrogen for 30 min then treated with 
tris(dibenzylideneacetone)dipalladium(0) (1.74 g. 1.9 mmol) followed by 



wo 03/006464 




PCT/GB02/03077 



-32- 

tri-tert-butylphosphine (38 ml of a O.IM solution in 1,4-dioxane, 3.8 mmol) 
and then the reaction was stirred at ambient temperature for 30 min 
before heating at 50^C for 1 h to complete the coupHng. The slurry-like 
reaction mixture was then diluted with water (3 1) and stirred at ambient 
5 temperature for 90 min. The resulting solid was collected by filtration, 
washed with water then with isohexane and finally dried under vacuum 
over phosphorus pentoxide to afford 2'-fluoro-5'-nitrobiphenyl-2- 
carbonitrile as a beige solid (46 g, 100%): 6h (360 MHz, CDCI3) 7.37-7.42 
(IH, m), 7.53 (IH, d, J 8), 7.59 (IH, td, J 8 and 1), 7.75 (IH, td, J 8 and 1), 
10 7.83 (IH, dd, J 8 and 1), 8.35-8.39 (2H, m). 

c) 5'-Amino-2^-Fluorobiphenvl-2-carbonitrile 

A cooled (0*^0 suspension of 2'-fluoro-5'-nitrobiphenyl-2-carbonitrile 
(24.2 g, 100 mmol) in ethanol (150 ml) and tetrahydrofiiran (150 ml) was 

15 treated with tin(II) chloride dihydrate (67.7 g, 300 mmol) and the mixture 
was stirred to ambient temperature over 12 h. The solvent was removed 
in vacuo and the residue treated with ice-cold 2N sodium hydroxide (750 
ml). The resulting slurry was stirred for 60 min then extracted with 
dichloromethane (2 x 400 ml). The organics were combined, washed with 

20 water, brine, dried over anhydrous magnesium sulfate, filtered and 

concentrated to give a red solid. Crystallisation from toluene gave 5'- 
amino-2'-fluorobiphenyl-2-carbonitrile as a cream-coloured solid (16 g, 
75%): 5h (400 MHz, CDCI3) 3.65 (2H, br), 6.67-6.73 (2H, m), 7.00 (IH, t, J 
9), 7.44-7.49 (2H, m), 7.64 (IH, td, J 9 and 2), 7.75 (IH, dd, c/ 8 and 2); m/z 

25 (ES^) 213 (M^+H). 

d) 5^-Bromo-2^-fluorobiDhenvl-2-carbonitrile 

A solution of 5'-aniino-2'-fluorobiphenyl-2-carbonitrile (7.85 g, 37 
mmol) in 1,4-dioxane (25 ml) was treated with 48% hydrobromic acid (125 
30 ml) and the resulting suspension stirred and cooled to 3°C (internal 

temperature). A solution of sodium nitrite in water (5 ml) was then added 




wo 03/006464 ^_ ^_ 

PCT/GB02/03077 

-33- 

dropwise over 20 min keeping the internal temperature <5<'C. Stirring at 
<5°C was continued for 2 h before pouring the reaction inte a cooled (5°C) 
solution of freshly purified copper(I) bromide (6.37 g, 44 mmol) in 48% 
hydrobromic acid (50 ml). The resulting purple reaction mixture was 
stirred at 5°C for 10 min then warmed to SO'C for 20 min. The reaction 
was diluted with ice-cold water (500 ml) and extracted with ethyl acetate 
(2 X 250 ml). The organics were combined, washed with 6% aqueous 
sodium sulfite, saturated aqueous ammonium chloride, dried over 
anhydrous magnesium sulfate, filtered and pre-adsorbed onto silica 
Purification by chromatography on silica eluting with isohexane 
(containing 1% methanol) on a gradient of ethyl acetate (2-10%) afforded a 
colourless oil which crystalHsed on standing to give 5'-bromo-2'- 
fluorobiphenyI-2-carbonitrile as a white solid (6.5 g, 64%): 5„ (400 MHz 
CDC13) 7.09-7.14 (IH. m), 7.45-7.57 (4H, m), 7.66 (IH. td, J 8 and 2) 7 77 
15 (lH,dd.c/8and2). 



10 



20 



15 



0 



carbonitrilpi 

A mixture of 5--bromo-2'-nuorobiphenyl-2-carbonitriIe (1 1 g 4 
mmol). potassium acetate (1.18 g, 12 mmol) and bis(pinac„lato)di(«ron 
(1.17 g. 4.6 mmol) was dissolved i„ l,4.dioxane containing 1% v/v 
d.methyIs„lfoxide (15 ml) and this solution was degassed with nitrogen for 
5 mm. DichIoro(l,l--bis(diphenylphosphino)ferrocenelpalladium(II) 
dichloromethane adduct (98 mg, 0.12 mmol) was then added and the 
mixture heated at 90=C for 16 h. After cooling to ambient temperatu« the 
reaction was partitioned between ethyl acetate and water. The organic 
Phase was washed with brine, dried over anhydrous magnesium sulfate, 
altered and pre-adsorbed onto silica. Puriflcation by chromatography on 
s.hca eluting with isohexane on a gradient of ethyl acetate (2-10%, gave a 
colourless oil that crystallised on standing to furnish 2--nuoro.5'-(4 4 5 5 
tetramethyl-(1.3,2Jdioxabor„lan-2-yl)biphenyl-2-carbonitrile as a white 
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solid (1.3 g, 100%): 8h (400 MHz, CDCI3) 1.34 (12H, s), 7.21 (IH, dd, J 10 
and 8), 7.45-7.52 (2H, m), 7.65 (IH, td, J 8 and 2), 1J4:-1.1S (IH, m), 7.83 
(IH, dd, J 8 and 2), 7.88 (IH, ddd, J 8, 5 and 2). 



5 f)2^-Fluoro-5^-(7-meth vl-fl.81naphthvridin-4-vl)biphenvl-2-carbonitrilft 
This compound was prepared as described in Example 1, step e), 
using 2'-fluoro-5'-(4,4,5,5-tetramethyl-[l,3,2Idioxaborolan-2-yl)biphenyl-2- 
carbonitrile instead of 3'-(4,4,5,5-tetramethyl-(l,3,2]dioxaborolan-2-yl)- 
biphenyl-2-carbonitrile; the reaction was heated at 60°C instead of being 
10 left at room temperature: 5h (360 MHz, CDCI3) 2.83 (3H, s), 7.40-7.42 (3H, 
m), 7.52-7.61 (4H. m), 7.70 (IH, m), 7.83 (IH, d, J 7.7), 8.32 (IH, d, J 8.8), 
9.11 (IH, m); m/z (ES+) 340 [MH]+. 



15 



EXAMPLE 3 

6.2'-Diflu oro-5'-(7-trifluoromethviri.81naDhthvridin-4-vl)biphenvl-2-carbonitrile 



a) 2-f(6-Trifluo romethvlDvridin-2-vlamino)methvlene1malonic acid diethyl ester 
A mixture of 2-amino-6-trifluoromethylpyridine (15.0 g, 92.5 mmol) and 

20 diethyl ethoxymethylenemalonate (1 8.5 mL, 20.0 g, 92.5 mmol) in 1 ,4-dioxane 
(30 mL) was stirred at 100 "C for 48 h. Upon cooling to room temperature, 2- 
[(6-trifluoromethylpyridin-2-ylamino)methylene]malonic acid diethyl ester 
precipitated from solution, which was separated by filtration, washed with 
diethyl ether and air-dried (27.2 g, 89%): 5,., (400 MHz, CDCy 1.35 (3H, t, J 

25 7.2), 1 .39 (3H. t. J 7.0). 4.28 (2H. q. J 7.2). 4.33 (2H. q, J 7.2), 7.03 (1 H, d. J 
8.2), 7.38 (IH, d, J7.4), 7.82 (IH, t. J8.1 ), 9.12 (IH. d. J 12.9). 11.20 (IH. d. 
J 12.5). m/z (ES*) 333 [MH]*, 287 [M - EtO]* 
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bl4^HvclroxY-7-trifl..oromPfhviri 8]naDhthvridinA.r: t.carhovv n. .^-.n wi^.t^y, 
ester 

2-[(6-Trifluoromethylpyrld.n-2-ylamino)methylene]malonicacid.diethyl 
ester (25.0 g. 75.2 mmol) was added in portions to refiuxing Dowtherm A (300 
mL) and stirred at reflux for 2.5 h. The mixture was allowed to cool to room 
temperature, during which time an off-white solid precipitated from solution 
The slurry was diluted with diethyl ether (250 mL), and the solid was 
separated by filtration, washed repeatedly with diethyl ether and dried The 
Off-white solid was 4-hydroxy-7-trifluoromethyl[l.8]naphthyridine-3-carboxylic 
acd diethyl ester (15.5 g. 72%). 8„ (360 MHz. d,-DMSO) 1.29 (3H t J7 i) 
4.24 (2H. q. J7.1). 7.93 (1H. d. J8.1). 8.59 (1H. d. J5.1). 8.78 (1H. d J8 l') 
13.2 (1H.S). ' ■ 
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c) 4-Hydroxy-7-trifluoromPth>^iri ■81nanhthy riH,n e-3-carhnvy l.> ^r^M 

A slurry of 4-hydroxy-7-trifluoromethylI1.8]naphthyridine-3-carboxylic 
acd diethyl ester (15.5 g, 54.2 mmol) was stirred with potassium hydroxide 
(18.2 g. 0.325 mol) in water (155 mL) at reflux for 2 h. The resulting brown 
solution was cooled to room temperature and was diluted with water (300 mL) 
The pH was adjusted to ~7 by the addition of cone, hydrochloric acid, 
precipitating copious white solid, which was separated by filtration, and was 
dned at 60 "C over phosphorus pentoxide. This was 4-hydroxy-7- 
trifluoromethyl[1.8]-naphthyridine-3-carboxylic acid (14.0 g. 100%) 6„ (360 
MHz. d.-DMSO) 8.02 (IN. d. J8.1). 8.91 (1H. s). 8.94 (1H. d. J8.1). m/z(ES^ 
259 [MHr. ^ ' 

d) 7-Trifluoromethvlfi ,«] naDhthy ririin-4-ni 

4-Hydroxy-7-trifluoromethyl[1 .8]-naphthyridine-3-carboxylic acid (14 0 
9, 54.2 mmol) was added in portions to refiuxing Dowtherm A (250 mL) - 
Care! Effen/escence! - and the mixture was stirred at reflux for 80 min The 
m,xture was allowed to cool to room temperature, and a buff coloured solid 
precipitated from solution. The slurry was diluted with diethyl ether (250 mL) 
and the solid was separated by filtration, was washed with plenty of diethyl 
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ether and was dried. This was 7-trlfluoromethyl[1 ,8]naphthyridin-4-ol (1 1 .6 g, 
100%). 6h (360 MHz, dg-DMSO) 6.15 (1H, d, J7.4), 7.76 (1H, d, J8.1), 8.06 
(1H, d, J 7.4), 8.70 (1H, d, J8.1). m/z(ES*) 215 [MHr 

5 e) 5-Chloro-2-trifluoromethvlf 1 .81naphthvridine 

7-Trlfluoromethyl[1 ,8]naphthyridin-4-ol (2.00 g, 9.34 mmol) was added 
in portions to phosphorus oxychloride with stirring at room temperature - a 
mild exotherm was observed. The mixture was stirred at room temperature 
under nitrogen overnight. The solvent was removed in vacuo, and saturated 
10 sodium hydrogencarbonate solution was added with Ice-bath cooling to the 
residual material with stirring, until the pH of the mixture was -7. The mixture 
was extracted with dichloromethane (3 x 50 mL), then the combined organic 
layers were dried over magnesium sulfate, and were concentrated in vacuo. 
The crude product was purified by flash chromatography on silica gel, eluting 
15 with 25% ethyl acetate in dichloromethane, yielding 5-chloro-2-trifluoromethyl- 
[1,8]naphthyridine as an off-white solid (1 .67 g, 77%). 5h (360 MHz, CDCy 
7.72 (1H, d. J 4.6), 7.96 (1H, d, J 8.8), 8.86 (1H. d, J 8.4), 9.15 (1H, d, J 4.6). 
miz (ES*) 233, 235 [MH]\ 

20 f) 5W5.5-Dimethvin .3,21dioxaborinan-2-vn-6.2'-difluorobiphenvl-2-carbonitrile 
A mixture of 2,3-difluorobenzonitrile (19.0 g, 137 mmol) and ethanol 
(200 mL) pre-saturated with ammonia gas was heated at 140 °C in an 
autoclave for 8 h (terminal pressure 200 psi). The mixture was allowed to 
cool to ambient temperature and evaporated to dryness. The residue was 

25 dissolved in water (400 mL) and extracted with diethyl ether (2 x 300 mL). 
The combined organics were washed with water (300 mL) and brine (250 
mL), dried over anhydrous magnesium sulfate, filtered and evaporated. 
Trituration with isohexane (150 mL) afforded 2-amino-3-fluorobenzonitrile (9.8 
g. 50%) as an off-white solid: 5h (360 MHz, CDCg 4.47 (2H. s), 6.65-6.71 

30 (1H, m), 7.14-7.20 (2H, m). 

2-Amino-3-fluorobenzonitrile (9.8 g, 71 .9 mmol) was dissolved in hot 
1,4-dioxane (10 mL), 48% hydrobromic acid (100 mL) was added and the 
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mixture cooled to 0 "C before dropwise addition of sodium nitrite (5.71 g, 82.7 

mmol) in water (10 mL) over 1 .5 h. The resulting mixture was stirred at 0 °C 

for 1 .5 h then poured onto a cooled (0 solution of copper(l) bromide (31 .0 

g, 216 mmol) in 48% hydrobromic acid (25 mL). The solution was stirred at 

0-C for 15 min then heated at 50 «C for 20 min. The mixture was cooled to 

ambient temperature, diluted with water (600 mL) and extracted with ethyl 

acetate (2 x 200 mL). The combined organics were washed with 10% 

aqueous ammonia solution (200 mL). water (200 mL) and brine (250 mL). 

dried over anhydrous magnesium sulfate, filtered and evaporated to give an 

orange oil. Purification by chromatography on silica gel eluting with 

isohexane on a gradient of ethyl acetate (2-4%) gave 2-bromo-3- 

fluorobenzonitrile (7.05 g. 49%) as a pale brown solid: 6h (360 MHz, CDCI ) 

7.62-7.68 (1H. m). 7.74-7.85 (1H. ddd, J9, 9 and 1), 7.74-7.85 (1H. ddd. ^8 
1 and 1). 

A suspension of 2-bromo-3-fluoroben2onitrile (2.50 g. 12.5 mmol). 
potassium fluoride (2.40 g. 41 ,3 mmol) and 2-(2-fluoro-5-nitrophenyl)-4.4.5.5- 
tetramethyKi,3.2]dioxaborolane (4.67 g. 17.5 mmol) in tetrahydrofuran (50 
mL) was degassed with nitrogen for 30 min. 

Tris(dibenzylideneacetone)dipalladium(0) and tri-te/t-butylphosphine (0.2 M 
solution in 1.4-dioxane. 3.7 mL) were added and the mixture stirred at 
ambient temperature for 15 min then at 50 «C for 18 h. After cooling to 
ambient temperature, the resulting dark suspension was poured onto 0.5 M 
sodium hydroxide solution (500 mL) and stirred vigorously for 2 h. The dark 
solid was collected by filtration, washed with water (100 mL) and isohexane 
(50 mL) and left to air dry which gave 6.2'-difluoro-5'-nitro-biphenyl-2- 
carbonitrile as a brown/black solid (3.25 g. 100%): §» (400 MHz. CDCI^) 7.40- 
7.44 (1H. m). 7.47-7.52 (1H. m). 7.59-7.67 (2H. m). 8.37-8.44 (2H, m).' 

6.2'-Difluoro-5'-nitrobiphenyl-2-carbonitrile (3.25 g. 12.5 mmol) in 
tetrahydrofuran (20 mL) and ethanol (20 mL) was treated with tin(ll) chloride 
dihydrate (9.86 g. 43.8 mmol) and the mixture left to stir at ambient 
temperature for 18 h. The solvent was evaporated and the resid"3 stirred 
with 2 N sodium hydroxide solution (40 mL) for 2 h. The resulting suspension 
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was diluted with water (100 mL) and extracted with dichloromethane (3 x 200 
mL). The combined organics were washed with water (200 mL), brine (200 
mL), dried over anhydrous sodium sulfate, filtered and evaporated to give 5'- 
amino-6,2'-difluorobiphenyl-2-carbonitrile as a brown oil (2.87 g, 100%): 5h 
5 (360 MHz. CDCy 3.74 (2H, s). 6.68 (1 H, m), 6.73-6.77 (1 H. m). 7.02 (1 H, dd. 
J 9 and 9). 7.37-7.49 (2H. m). 7.56-7.65 (1H. m). 

5'-Amino-3,2'-difluorobiphenyl-2-carbonitrile (2.87 g, 12.5 mmol) was 
dissolved in hot 1 ,4-dioxane (4 mL), 48% aqueous hydrobromic acid (40 mL) 
was added and the mixture cooled to 0 "C before dropwise addition of sodium 
10 nitrite (0.86 g, 1 2.5 mmol) in water (1 .5 mL) over 20 min. The resulting 

mixture was stirred at 0 "'C for 1 .5 h then poured onto a cooled (0 "C) solution 
of copper(l) bromide (5.38 g, 37.5 mmol) in 48% hydrobromic acid (10 mL). 
The solution was stirred at 0 for 15 min then heated at 50 °C for 20 min. 
The mixture was cooled to ambient temperature, diluted with water (500 mL) 
15 and extracted with ethyl acetate (2 x 300 mL). The combined organics were 
washed with 10% aqueous ammonia solution (200 mL), water (200 mL) and 
brine (200 mL), dried over anhydrous magnesium sulfate, filtered and 
evaporated to give a black solid. Purification by chromatography on silica gel 
eluting with isohexane (containing 0.5% methanol) on a gradient of ethyl 
20 acetate (2-6%) gave 5'-bromo-6,2'-difluorobiphenyl-2-carbonitrile (2.28 g, 
62%) as a yellow solid: 6h (360 MHz, CDCg 7.13 (IN, dd. J 9 and 9), 7.37- 
7.49 (2H, ddd. J 9, 9 and 1). 7.57-7.62 (4H, m). 

A mixture of 5'-bromo-6,2'-dlfluoroblphenyl-2-carbonitrile (2.28 g, 7.75 
mmol), potassium acetate (2.27 g, 23.3 mmol) and bis(neopentyl 
25 glycolato)diboron (2.56 g, 1 1 .3 mmol) was dissolved in 1 ,4-dioxane containing 
1% v/v dimethylsulfoxide (30 mL) and this solution was degassed with 
nitrogen for 5 min. Dichloro[1 ,1'- 

bis(diphenylphosphino)ferrocene]palladium(ll) dichloromethane adduct (126 
mg. 0.16 mmol) was then added and the mixture heated at 90 **C for 16 h. 
30 After cooling to ambient temperature the reaction was partitioned between 
ethyl acetate and water. The organic phase was washed with br;:-.e, dried 
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over anhydrous magnesium sulfate, filtered and pre-adsorbed on to silica. 
Purification by chromatography on silica eluting with isohexane on a gradient 
of ethyl acetate (2-10%) gave a colourless oil that crystallised on standing to 

fumish5'-(5.5-dlmethy![1.3.2]dioxaborinan-2-yl)-6,2'-difluorobiphenyl-2- 
5 carbonitrile as a pale brown solid (2.54 g, 1 00%): 8h (360 MHz. CDCI^) 1 .02 

(6H, s). 3.76 (4H. s). 7.21 (1 H. dd. J8A and 9.8). 7.37-7.60 (2H. m). 7.58 
(1H, dd, J 1.1 and 7.0). 7.85 (1H, dd. J 1.4 and 8.1), 7.89-7.93 (1H, m). 

q) 6.2-Dif|,ioro-5'-(7-trifltioromethvlfi «1n aDhthvridSn-^.y i)h;pK^^.,, o 
10 carbonitrile 

A mixture of 5-chIoro.2-trifluoromethyl-[l .SJnaphthyridine (200 mg. 0.86 
mmol). 5'-(5,5-dimethyl[1 .3.2]dioxaborinan-2-yi)-6,2'-difluorobiphenyl-2- ' 
carbonitrile (366 mg. 1.12 mmol) and 2 M sodium carbonate solution (1.12 
mL. 2.24 mmol) was stirred in DME (10 mL) and was degassed via three 
15 "freeze-thaw" cycles. Tetrakis(triphenylphosphine)palladium(0) (49.7 mg 
0.043 mmol) was added, the mixture was degassed as before, then was ' 
stirred at 80 under nitrogen for 24 h. The mixture was cooled to room 
temperature, was diluted with water (50 mL) and was washed with 
dichloromethane (3 x 50 mL). The combined organic layers were washed 
20 with saturated sodium chloride solution (1 x 50 mL). then were dried over 
magnesium sulfate and concentrated in vacuo. The cmde product was 
purified by flash chromatography on silica gel. eluting with 10% to 20% ethyl 
acetate in dichloromethane. and yielding a pale yellow solid, which was 
recrystallised from 1:1 ethyl acetate : isohexane. 6.2-Difluoro-5'-(7. 
5 trifluoromethyltl .8]naphthyridin-4-yl)biphenyl-2-carbonitrile was isolated as a 
colouriess solid (178 mg. 50%). 6h (360 MHz. CDCy 7.48 (2H, t J8 8) 7 54- 
7.71 (5H. m). 7.88 (1H, d. J 8.8), 8.70 (1H, d. J 8.4). 9.29 (1 H, d. J 4.2)' m/z 
(ES*)412(MHr. 
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5-(4-Fluoro-3-pyridin-3-vlphenvl)-2-trifluornm^fhY i pi .8inaphthvnHin^ 
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a) 3-Bromo-4-fluorophenvlamine 

2-Bromo-1-fluoro-4-nitrobenzene was dissolved in tetrahydrofuran (75 
mL) and ethanol (75 mL) and tin(ll) chloride dihydrate added and the mixture 
5 left to stir at ambient temperature for 4 h. The solvent was evaporated and 
the residue was treated with ice-cold 2 N sodium hydroxide solution (200 mL). 
The resulting slurry was stirred for 30 min then extracted with 
dichloromethane (3 x 200 mL). The combined organic phase was washed 
with water (200 mL) and brine (200 mL), dried over anhydrous magnesium 
10 sulfate, filtered and evaporated to give 3-bromo-4-fluorophenylamine (7.92 g, 
92%) as a yellow oil: 5h (360 MHz, CDCg 3.53 (2H, s), 6.53-6.57 (1 H, m), 
6.83-6.85 (1H, m), 6.90 (1H. dd, J9 and 9). 

b) 4-Fluoro-3 -(Dvridin-3-vnDhenvlamine 

15 A mixture of 3-bromo-4-fluorophenylamine (7.92 g, 41 .7 mmol), 

dlethyl(3-pyridyl)borane (6.74 g, 45.9 mmol), 

tetrakis(triphenylphosphine)palladium(0) (0.96 g, 0.83 mmol) and potassium 
carbonate (17.26 g, 125 mmol) in 1 ,2-dimethoxyethane (30 mL) and water (15 
mL) was heated at 80 °C for 20 h. After cooling to ambient temperature the 

20 reaction was partitioned between ethyl acetate (500 mL) and water (500 mL). 
The organics were washed with brine (400 mL), dried over anhydrous sodium 
sulfate, filtered and concentrated in vacuo. Purification of the residue by flash 
chromatography on silica gel, eluting with dichloromethane on a gradient of 
ethyl acetate (0%-20%) gave 4-fluoro-3-(pyridin-3-yl)phenylamine (3.64 g. 

25 46%) as a colouriess oil that solidified on standing to afford a white solid: 5h 
(360 MHz. CDCg 3.65 (2H, s), 6.65-6.72 (2H, m). 6.99 (1H, dd, J 9 and 9). 
7.33-7.37 (1H, m). 7.84-7.86 (1H, m), 8.58 (1H, d, J4). 8.76 (1H, m). 

c) 3-(5-Bromo-2-fluorophenvl^pv ridin<^ 
30 A warm solution of 4-fluoro-3-(pyridin-3-yl)phenylamine (3.64 g, 19.3 

mmol) in 1 ,4-dioxane (10 mL) was treated with a solution of 48%. aqueous 
hydrobromic acid (100 mL). The resulting suspension was cooled to 0 °C 
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before being treated dropwise over 20 min with a solution of sodium nitrite 
(1 .53 g, 22.2 mmol) in water (4 mL). Atter stirring at 0 °C for 2 h. a cooled 
(0 °C) solution of copper(l) bromide (8.31 g. 57.9 mmol) in 48% aqueous 
hydrobromic acid (30 ml) was added to the reaction which was stirred at 0 
for 1 0 min then heated at 50 °C for 20 min. The reaction was cooled to 
ambient temperature, poured onto ice-cold cone, ammonia (500 mL) and the 
product was extracted into ethyl acetate (500 mL). The organlcs were 
washed with water (300 mL) and brine (300 mL). dried over anhydrous 
sodium sulfate, filtered and concentrated in vacuo to give a dark oil. 
Purification by dry flash column chromatography on silica eluting with 
isohexane on a gradient of ethyl acetate (10%-30%) gave 3-(5-bromo-2- 
fluorophenyOpyrldine (3.1 g, 64%) as a white solid: 5h (360 MHz, CDCg 7.09 
(1H. dd. J9 and 1). 7.37-7.40 (1H. m). 7.46-7.51 (1H. m), 7.56-7.59 (1H. m). 
7.83-7.86 (1H. m), 8.63-8.65 (1H. m). 8.77-8.79 (1H. m). 

d) 3-r2-Fluoro-5-(4,4.5,5-tetramethvl-ri 3 P^ dinv. borolan.P-v iVhony.]py.=w;nr 

3-(5-Bromo-2-fluorophenyl)pyridine (3.1 g. 12.3 mmol), potassium 
acetate (3.62 g. 36.9 mmol) and bis(pinacolato)diboron (3.75 g, 14.8 mmol) 
were dissolved in 1.4-dioxane (40 mL) and dimethylsulfoxide (0.8 mL) and the 
mixture degassed with N, for 15 min. Dichloro[1.r-bis(diphenylphosphino)- 
ferrocene]palladium(ll) dichloromethane adduct (300 mg, 0.37 mmol) was 
added and the mixture heated at 90 for 18 h. The mixture was cooled to 
ambient temperature and partitioned between diethyl ether (200 mL) and 2 N 
hydrochloric acid (50 mL). The organics were discarded and the aqueous 
phase adjusted to pH 8 by the addition of 4 N sodium hydroxide solution and 
extracted with diethyl ether (2 x 500 mL). The organic layer was washed with 
bnne (50 mL). dried over anhydrous sodium sulfate, filtered and pre-adsorbed 
onto silica. Purification by flash column chromatography on silica eluting with 
25% ethyl acetate in isohexane gave 3-[2-fluoro-5-(4.4.5,5-tetramethyl- 
[1 .3.2]dioxaborolan-2-yl)phenyl]pyridine (2.64 g, 72%) as a yellow oil that 
crystallised on standing: 5h (360 MHz, CDCI,) 1.35 (12H. s). 7.20 (IH. dd. J 
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10 and 8), 7.35-7.39 (1H. m). 7.81-7.91 (3H. m). 8.61 (1H. dd. J 5 and 2), 
8.82 (IH.s). 

e) 5-r4-Fluoro-.'^ -pvridin-3-vlphenvn-2-trifluoromethviri.81naDhthy fiftinA 
5 5-Chloro-2-lrifluoromethyl[1 ,8]naphthyridine (200 mg, 0.86 mmol) was 

coupled to 3-l2-fluoro-5-(4,4.5,5-tetramethyl-[1 .3,2]dioxaborolan-2- 
yl)phenyl]pyridine (349 mg. 1.2 mmol) as described In Example 3 part g), 
affording 5-(4-fluoro-3-pyridin-3-ylphenyl)-2-trlfluoromethyl[1.8]naphthyridine 
(90 mg. 28%). 8h (360 MHz. CDCg 7.41-7.46 (2H. m), 7.50-7.55 (1H, m). 
10 7.57-7.61 (2H. m). 7.85 (1H, d. J8.4). 7.91-7.96 (1H, m), 8.55 (1H, d, J 8.8), 
8.68 (1H, dd, J 1.4 and 4.9). 8.86 (1H, s). 9.30 (1H, d, J4.6). nVz(ES*) 370 
[MHy. 



5-(4-Fluoro-3-Dvridin-4-vlph envn-2-trifluoromethv[f1.81naphthvrldine 

a) 4-(2-Fluoro-5-nitrophenvnpvrldine 

To a degassed solution of 2-bromo-1 -fluoro-4-nitrobenzene (6.44 g, 

20 29.3 mmol). 4-tri-n-butylstannylpyridine (14.0 g, 38.0 mmol), lithium chloride 
(12.4 g, 293 mmol) and copper(l) iodide (0.56 g, 2.93 mmol) in N,N- 
dimethylacetamide (40 mL) was added tetrakis(triphenylphosphine)- 
palladium(O) (1.69 g, 1.46 mmol) and the reaction heated at 80 °C for 18 h. 
After cooling to ambient temperature the solvent was evaporated and the 

25 residue was diluted with dichloromethane (800 mL) and the mixture stirred 

vigorously for 30 min then filtered. The organics were washed with water (500 
mL) and brine (300 mL), dried over anhydrous magnesium sulfate, filtered and 
evaporated to give a black oil. The residue was purified by silica gel 
chromatography eluting with iso-hexane (containing 1% methanol and 1% 

30 Iriethylamlne) on a gradient of ethyl acetate (20-50%) to give 4-(2-fluoro-5- 
nitrophenyOpyridine as an off-white solid (5.60 g, 88%): 5n (360 MHz. CDCg 



EXAMPLE 5 
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7.38 (1H, t. J9). 7.50-7.53 (2H. m). 8.30-8.35 (1H. m). 8.41-8.44 (1H m) 
8.76-8.78 (2H, m). 

b) 4-RuQrn-r^-(pYriH;n- 4.v|)ph6nv lamina 

To a solution of 4-(2-fluoro-5.nitrophenyl)pyridine (1.0 g. 5.58 mmol) in 
ethanol (30 mL) and ethyl acetate (10 mL) was added platinum(IV) oxide (52 
mg) and the mixture stirred for 35 min under hydrogen (40 psi). The reaction 
was filtered through glass microfibre filter paper and the filtrate evaporated to 
dryness to g!ve4-fluoro-3-(pyridin-4-yl)phenylamlne (862 mg. 100%) as a 
white solid: 8h (360 MHz. CDCg 3.49 (2H. s). 6.66-6.70 (1H. m). 6.71-6.76 
(1H. m). 6.99 (1H. t. J9), 7.44-7.46 (2H. m). 8.66 (2H, d. J 5). 

c) 4-(5-Bromo-2-fli i oroDhenv l)pyririino 

4-Fluoro-3-(pyrldin-4-yl)phenylamine (0.58 g. 3.08 mmol) was bromo- 
deaminated following the procedure given in Example 4 part c) to give 4-(5. 
bromo-2-fluorophenyl)pyridine (464 mg. 60%) as a white solid: 6h (360 MHz 
CDCg 7.38 (1H. t. J9), 7.59-7.62 (2H. m). 7.68-7.73 (1H, m). 7.84 (1H. dd 'j 
7and3).8.68(2H, d, J5and3). 

■ d) 4-Fluoro-3-(pyridin-4-vl)hPn7PnebQronir ^..H 4-f2-fl.inrn-^-( ^ a ^ 
tetramethvl-fl.3.21dinv;,hnroi ^ n.2-viV h^nYi]pyrHin,. 

A mixture of 4-(5-bromo-2-fluorophenyl)pyridine (3.8 g. 15.1 mmol) 
potassium acetate (2.96 g. 30.1 mmol) and bis(pinacolato)diboron (4.21 g'. 
1 6.6 mmol) in 1 .4-dioxane (50 mL) and dimethylsulfoxide (1 mL) was 
degassed with nitrogen for 1 h. Dichloro[1,l'- 

bis(diphenylphosphino)ferrocene]palladium(ll) dichloromethane adduct (370 
mg. 0.5 mmol) was added and the mixture heated at 90 "C for 18 h The 
reaction was cooled to ambient temperature, filtered and the filter-cake 
washed with diethyl ether. The filtrate was evaporated to dryness and the 
residue stirred with ice-cold 2 N sodium hydroxide (100 mL) for 20 min The 
aqueous mixture was filtered and the filtrate washed with diethyl «ther (2 x 75 
mL). The organics were discarded and the aqueous phase cooled to 0 
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before lowering the pH to 8 by addition of 36% hydrochloric acid. The 
resulting solid was collected by filtration and triturated with diethyl ether to 
afford 4-fluoro-3-(pyridin-4-yl)benzene-boronic acid as a buff-coloured solid 
(1 .51 g, 46%): 6h (360 MHz. DMSO) 7.34 (1H. dd, J 11 and 8). 7.61 (2H, d. J 
5 5), 7.88-7.92 (1H. m). 8.05 (1H. dd, J 8 and 1). 8.26 (2H, s). 8.70 (2H. d. J 5); 
m/z (ES*) 218 (M*+H). The aqueous filtrate was extracted with diethyl ether. 
The organic phase was washed with water, brine, dried over anhydrous 
magnesium sulfate, filtered and evaporated to afford 4-(2-fluoro-5-(4,4,5,5- 
tetramethyl-[1,3,2]dioxaborolan-2-yl)phenyl]-pyridine as a dark oil (1 .28 g, 
10 29%) that solidified on standing for a few days: 6h (360 MHz, CDCy 1 .36 

(12H. s). 7.19 (1H, dd, J 11 and 8). 7.50-7.53 (2H. m). 7.82-7.87 (1H, m), 7.93 
(1H. dd. J8 and 1), 8.67 (2H. dd. J 4 and 1); mlz(ES') 300 (MVH). 

e) 5-f4-Fluoro-3-Pvridin-4-vlPhenvl)-2-trifluoromethviri.81naDhthvridine 
15 5-Chloro-2-trifluoromethyl[1 ,8]naphthyridine (100 mg, 0.43 mmot) was 

coupled to 4-fluoro-3-(pyridin-4-yl)benzeneboronic acid (121 mg, 0.56 mmol) 
as described in Example 3 part g), affording 5-(4-fluoro-3-pyridin-4-ylphenyl)- 
2-trifluoromethyl[1 ,8]naphthyridine (88 mg. 55%). 6h (360 MHz. CDCg 7.41- 
7.47 (1H. m), 7.52-7.63 (5H, m). 7.85 (1H. d, J 8.8), 8.52 (1 H. d, J 8.4), 8.73- 
20 8.74 (2H, m), 9.30 (1 H, d, J 4.2). miz (ES^) 370 [MH]*. 



EXAMPLE 6 

5-f4-Fluoro-3-f3-fluoropvridin-2-vhphenvn-2-trifluoromethviri.81naDhthvridine 

25 

a) 4-Fluoro-3-r3-fluoropvridin-2-vnphenvlboronic acid 

2-Bromo-3-fluoropyridine. prepared according to the procedure of 
Queguiner et al. in Tetrahedron, 1983, 39, 2009-21, was coupled with 2-(2- 
fluoro-5-nitrophenyl)-4,4.5,5-tetramethyl-[1 .3,2]dioxaborolane (as prepared in 
30 Example 2, part a)) by the method of Example 2, part b) to yield 3-fluoro-2-(2- 
fluoro-5-nitrophenyl)pyridine, which was transformed into 2-(5-bromo-2- 
fluorophenyl)-3-fluoropyridine by the method of Example 4, parts b) and c). 
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This was converted into 4-fluoro-3-(3-fluoropyridin-2-yl)phenylboronic acid by 
the method of Example 5 part d). using bls(neopentyl giycolato)diboron 
instead of bis(pinacoiato)diboron. 6h (400 MHz, DMSO) 8.58 (1 H, m). 8.19 
(2H. s), 8.04 (1H. dd, J 8 and 2). 7.95 (1H. m). 7.86 (1H. m). 7.57 (1H. m). 
7.31 (IH.dd. J11 andS). 



b) 5-f4-Fluoro-3-r3-fluorQDvridin -2-vhDhenvll.?.trifluQromftthYi ri ft]. 
naphthyrldine 

5-Chloro-2-trlfluoromethylIl,8]naphthyridine (100 mg. 0.43 mmol) was 
10 coupled to 4-fluoro-3-(3-fluoropyridin-2-yl)phenylboronic acid (131 mg. 0.56 
mmol) as described in Example 3 part g), affording 5-[4-fluoro-3-(3- 
fluoropyridin-2-yl)phenyl]-2-trifluoromethyl[1,8]-naphthyridine (82 mg. 49%). 
5h (360 MHz. CDCg 7.39-7.44 (2H. m), 7.55-7.63 (3H, m), 7.79 (1H, dd. J 2.3 
and 6.5). 7.85 (1H. d. J 8.4). 8.55-8.60 (2H. m). 9.28 (1H. d. J 4.6). m/z (ES*) 
15 388 [MH]\ 



20 



EXAMPLE 7 

3.2'-Difluoro-5--(7-trifl uoromethv l-f1, 8 1naDhthvridin.4-vnbiphenvl-P-carbonitrilft 

a) 2-Aminn-R -f|uoroben7nnifrilft 

A mixture of 2,6.difluorobenzonitrile (19.0 g, 137 mmol) and ethanol 
(200 mL) pre-saturated with ammonia gas was heated at 140 "C in an 
autoclave for 6 h (terminal pressure 200 psi). The mixture was allowed to 
cool to ambient temperature, evaporated to dryness and triturated with water 
(200 mL). The solid was filtered and left to air dry to afford 2-amino-6- 
fluorobenzonitrile (18.0 g. 97%) as an off-white solid: 8„ (360 MHz. CDQ ) 
4.53 (3H. s). 6.44-6.52 (2H. m). 7.24-7.30 (1 H. m). 

30 b) 2-Bromo -6-fluQrohfin7nnitriio 

2-Amino-6-fluoroben2onitrile (18.0 g, 132 mmol) was dissolved in hot 
1 .4-dioxane (20 mL). 48% hydrobromic acid (200 mL) was added and the 
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mixture cooled to 0 *C before dropwise addition of sodium nitrite (1 0.5 g, 1 52 
mmol) in water (20 mL) over 1.5 h. The resulting mixture was stirred at 0 
for 1 .5 h then poured onto a cooled (0 °C) solution of copper(l) bromide (56.8 
g. 396 mmol) in 48% hydrobromic acid (50 mL). The solution was stirred at 0 
5 "C for 1 5 min then heated at 50 "C for 20 min. The mixture was cooled to 
ambient temperature, diluted with water (1200 mL) and extracted with ethyl 
acetate (2 x 400 mL). The combined organics were washed with 10% 
aqueous ammonia solution (400 mL). water (400 mL) and brine (500 mL), 
dried over anhydrous magnesium sulfate, filtered and evaporated to give an 
10 orange oil. Purification by chromatography on silica gel eluting with 
isohexane on a gradient of ethyl acetate (2-4%) gave 2-bromo-6- 
fluorobenzonitrile (18.5 g. 70%) as a white solid: 6h (400 MHz CDCI ) 7 17- 
7.23 (1H. ddd, J 8, 8 and 1). 7.44-7.52 (2H. m). 

15 c) 3.2'-Difl uoro-5'-nitro-biDhenvl-2-carbonitrile 

A suspension of 2-bromo-6-fluorobenzonitrile (2.50 g, 12.5 mmol), 
potassium fluoride (2.40 g, 41 .3 mmol) and 2-(2-fluoro-5-nitrophenyl)-4,4,5,5- 
tetramethyl-[l.3,2]dioxaborolane (4.67 g, 17.5 mmol) in tetrahydrofuran (50 
mL) was degassed with nitrogen for 30 min. 

20 Tris(dibenzylideneacetone)dipalladium(0) and tri-terf-butylphosphine (0.2 M 
solution in 1.4-dioxane. 3.7 mL) were added and the mixture stirred at 
ambient temperature for 15 min then at 50 'C for 18 h. After cooling to 
ambient temperature, the resulting dark suspension was poured onto 0,5 M 
sodium hydroxide solution (500 mL) and stirred vigorously for 2 h. The dark 

25 solid was collected by filtration, washed with water (1 00 mL) and isohexane 
(50 mL) and left to air dry which gave 3,2'-difluoro-5'-nitro-biphenyl-2- 
carbonitrile as a brown/black solid (3.25 g, 100%): 6h (360 MHz, CDCI ) 7.32- 
7.44 (3H. m), 7.71-7.77 (1H, m), 8.35-8.41 (2H. m). 
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d) 5^-Aminn-':<,o^-H;fi, t orobiDhenyi-P-carbonitrile 

3.2'-Difluoro-5'-nitrobiphenyl-2-carbonltrile (3.25 g. 12.5 mmol) in 
tetrahydrofuran (20 mL) and ethanol (20 mL) was treated with tin(II) chloride 
dfhydrate (9.86 g, 43.8 mmol) and the mixture left to stir at ambient 
temperature for 18 h. The solvent was evaporated and the residue stirred 
with 2 N sodium hydroxide solution (40 mL) for 2 h. The resulting suspension 
was diluted with water (100 mL) and extracted with dichloromethane (3 x 200 
mL). The combined organics were washed with water (200 mL). brine (200 
mL), dried over anhydrous sodium sulfate, filtered and evaporated to give 5'- 
amino-3.2'-difluoroblphenyl-2.carbonitriIe as a brown solid (2.87 g 100%)- 6 

(360 MHz. CDCI) 3.74 (2H.S). 6.66-6.75 (2H.m), 7.01 (1H. dd. and 9) " 
7.19-7.30 (2H, m), 7.59-7.65 (1H. m). 

e)^ Bromo-3.2--difl. .nm.biphenvl-P-r«rhnn;f hi^ 

5'-Amino.3.2'-difluorobiphenyl-2-carbonitrile (2.87 g. 12.5 mmol) was 
dissolved in hot 1.4-dioxane (4 mL). 48o/o aqueous hydrobromic acid (40 mL) 
was added and the mixture cooled to 0 "C before dropwise addition of sodium 
nitrite (0.86 g. 12.5 mmol) in water (1 .5 mL) over 20 mIn. The resulting 
mixture was stirred at 0 -C for 1 .5 h then poured onto a cooled (0 X) solution 
of copper(l) bromide (5.38 g. 37.5 mmol) in 48% hydrobromic acid (10 mL) 
The solution was stirred at 0 for 1 5 min then heated at 50 -C for 20 min 
The mixture was cooled to ambient temperature, diluted with water (500 mL) 
and extracted with ethyl acetate (2 x 300 ml). The combined organics were 
washed with 10% aqueous ammonia solution (200 mL). water (200 mL) and 
bnne (200 mL). dried over anhydrous magnesium sulfate, filtered and 
evaporated to give a black solid. Purification by chromatography on silica gel 
eluting with isohexane (containing 0.5% methanol) on a gradient of ethyl 
acetate (2-6%) gave 5'-bromo-3.2'-difluoro-biphenyl-2-carbonitriIe (2 48 g 
68%) as a yellow solid: 6.. (400 MHz. CDCg 7.13 (1H. dd. J9 and 9). 7.27- 
7.30 (2H. m). 7.53-7.59 (2H. m). 7.64-7.69 (1H. m). 
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f) 5^-(5.5-Dimethvl-ri.3.21diox aborinan-P-yn-3.2^-difluorobiDhenvl-g-carbonitrile 

A mixture of 5'-bromo-3,2'-difluorobiphenyl-2-carbonltrile (2.48 g, 8.43 
mmol), potassium acetate (2.48 g, 25.3 mmol) and bis(neopentyl 
glycolato)diboron (2.48 g, 1 1.0 mmol) in 1,4-dioxane (40 mL) containing 
5 dimethylsulfoxide (0.8 mL) was degassed with nitrogen for 20 min. 

Dichloro[l .1 '-bis(dlphenylphosphino)ferrocene]palladium(ll) dicfiloromethane 
adduct (200 mg. 0.25 mmol) was then added and the reaction heated at 90 »C 
for 24 h. The mixture was cooled to ambient temperature then partitioned 
between 2 N sodium hydroxide (75 mL) and diethyl ether (100 mL) and the 

10 organlcs were discarded. The aqueous extract was made acidic (pH 5) with 
36% hydrochloric acid and then extracted with diethyl ether (2 x 75 mL). The 
organic extract was washed with water (50 mL) and brine (75 mL). dried over 
anhydrous magnesium sulfate and evaporated to give 5'-(5,5-dlmethyl- 
[1,3,2]dioxaborlnan-2-yl)-3,2'-dlfluoroblphenyl-2-carbonltrlle as a brown oil 

15 (2.5 g, 95%) that crystallised on standing: 8h (360 MHz, CDCI3) 1 .03 (6H, s), 
3.77 (4H, s). 7.17-7.25 (2H. m). 7.30 (1H. d. J 8), 7.59-7.65 (1H. m). 7.81-7.91 
(2H, m). 



g) 3.2'-Difluoro-5'-r7-trifluor omethvl-ri .81naDhthvridin-4-vhbiphQnyl-P- 
20 carbonitrile 

5-Chloro-2-trlfluoromethyl[1 ,8]naphthyrldine (50 mg, 0.22 mmol), 5'- 

(5.5-dimethyl-[1,3,2]dloxaborlnan-2-yl)-3,2'-difluorobiphenyl-2-carbonitrile (91 
mg, 0.28 mmol), tetrakis(triphenylphosphine)palladium(0) (5.0 mg, 2 mol%) 
and 2 M sodium carbonate solution (0.5 mL, 1.0 mmol) In DME (3 mL) was 

25 irradiated in a microwave reactor at 1 50 "C for 1 0 min. The mixture was 
cooled to room temperature and was diluted with water (3 mL) and 
dichloromethane (3 mL), and was then filtered through a PTFE cartridge. The 
separated organic phase was concentrated in vacuo, and the crude product 
was recrystallised from ethyl acetate, then again from ethyl 

30 acetate/isohexane, yielding 3,2"-difluoro-5*-(7-trifluoromethyl-[1 .8]naphthyridin- 
4-yl)blphenyl-2-carbonitrile as an off-white solid (26 mg. 30%). Sr. (360 MHz. 
CDCI3) 7.29-7.33 (1 H, m). 7.41 (1H, d. J 7.4), 7.48 (1H, t. J 8.9). 7.58 - 7.61 
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(3H. m). 7.67-7.73 (1H. m). 7.89 (1H. d. J 8.8). 8.68 (1H. d. J 8.8). 9.29 (1H. 
dd, J 2.8 and 1 .4). m/z (ES*) 412 [MH]*. 



EXAMPLE 8 

4.2'-Difluoro.5--(7-trifluorommhvl-ri 8]naphthyridin-4. vl)biphenvl.p.n.rh.ni.^.^ 

a) 5--(5,5-dimethvl-f 1 .3,?1dioyaborinan.P-v n-A ^--difl.inrnhiphor.y.-o_ 
carbonitrile 

2.Bromo-5-fluoroben2onitrlle was coupled to 2-(2-fluoro-5-njtrophenyl)- 
4.4.5.5-tetramethyKl.3.2]dioxaborolane as described in Example 7 part c) to 
give 4,2'-difluoro-5'-nitrobiphenyl-2-carbon.trile as a black solid: 6h (360 MHz 
CDCg 7.38-7.56 (4H, m). 8.33-8.40 (2H, m). 

4.2'-Difluoro-5'-nitrobiphenyl-2-carbonitrile was reduced using the 
procedure described in Example 7 part d) to give 5'-amino-4.2'- 
difluorobiphenyl-2-carbonitrile: 6h (360 MHz. CDCg 3.66 (2H. s), 6.66-6.70 
(1H. m), 6.71-6.74 (1H. m). 7.00 (1H. dd. J9 and 9). 7.33-7.38 (1H m) 7 44- 
7.49 (IH.m). ' ' 

5'-Amino-4.2'-difluorobiphenyl-2-carbonitrile was bromo-deaminated 
using the procedure described in Example 7 part e) to give 5'-bromo-4,2'- 
difluorobiphenyI-2-carbonitrile as a pale brown solid: 5h (360 MHz. CDCy 
7.1 1 (1 H, dd. J 9 and 9). 7.37-7.58 (5H. m). 

5'-Bromo-4.2'-difluorobiphenyl-2-carbonitrile was converted to 5'-(5 5- 
dimethyl[1 .3.2.]dioxaborinan-2-yl)-4.2'-difluoroblphenyl-2-carbonltnle using the 
procedure described in Example 7 part f). This produced a brown oil that 
crystallised on standing: 5h (360 MHz, CDCi; 1 .03 (6H. s). 3.76 (4H. s). 7.20 
(1H. dd, J 10 and 8), 7.33-7.38 (1H. m). 7.44-7.50 (2H. m). 7.81 (1H. dd JQ 
and 2). 7.85-7.90 (1H, m). 
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b) 4.2'-Diflunr n-5'-(7-trifluoromethvlf ^ 81naDhthvridin-4-vi^hiphenvl-2- 
carbonitrile 

5-Chloro.2-trifluoromethyl[1,8]naphthyridine (50 mg, 0.22 mmol) was 
coupled to 5'-(5.5-dimethyl-[1 ,3,2]dioxaborinan-2-yl)-4,2'-difluorobiphenyl-2- 
5 carbonitrile (77 mg. 0.24 mmol) as described in Example 7 part g). affording 

4.2'-difluoro-5'-(7-trifluoromethyl-[1,8]naphthyridin-4-yl)biphenyl-2-carbonitrile 
(13 mg. 14%). 8h (400 MHz. CDCI,) 7.41-7.49 (2H. m). 7.54 - 7.63 (5H. m). 
7.88 (1H. d, J 9.0), 8.68 (1H. d. J 8.2). 9.29 (1H. d, J 4.3). m/z (ES*) 412 
[MH]\ 

10 

EXAMPLE 9 

5.2'-Difluoro-5'-(7-trifluoromet hvl-f1.81naDhthvridin-4-yl)biDhenvl-2-carbonitrile 

a) 5^-(5.5-dimethvl-ri.3.21diox aborinan-2-vl)-5.2^-difluQrobiDhenvl-2- 
carbonitrlle 

2-Bromo-4-fluorobenzonltrile was coupled to 2-(2-fluoro-5-nitrophenyl)- 
4,4,5.5-tetramethyl-[1,3,2]dioxaborolane as described in Example 7 part c) to 
give 5,2'-dlfluoro-5'-nitrobiphenyl-2-carbonitrile as a black solid: 5h (360 MHz, 
CDCI3) 7.25-7.33 (2H. m). 7.40-7.44 (1H. m). 7.86 (1H. dd. J 9 and 6). 8.35- 
8.42 (2H. m). 

5,2'-Difluoro-5'-nitrobiphenyl-2-carbonitrile was reduced using the 
protocol described in Example 7 part d) to give 5'-amino-5,2'-difluorobiphenyl- 
2-carbonitrile: 5h (360 MHz, CDCg 3.68 (2H, s), 6.67-6.76 (2H. m), 7.02 (1H. 
dd, J9 and 9). 7.12-7.27 (2H, m). 7.78 (1H, dd. J 9 and 6). 

5'-Amino-5,2'-difluorobiphenyl-2-carbonitrile was bromo-deaminated as 
described in Example 7 part e) to give 5'-bromo-5,2'-difluoro-biphenyl-2- 
carbonitrile as a pale brown solid: 5h (400 MHz, CDCg 7.13 (1 H. dd, J 9 and 
9), 7.19-7.23 (2H. m). 7.52-7.60 (2H, m), 7.81 (1H. dd. J 8 and 5). 

5'-Bromo-5,2'-difluorobiphenyl-2-carbonitrile was converted to 5'-(5,5- 
dimethyl-[1,3,2]dioxaborinan-2-yl)-5,2'-difluorobiphenyl-2-carbonitrile as 
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described in Example 7 part f). This produced a brown oil that crystallised on 
standing: 5„ (400 MHz. CDCI ) 1.03 (6H. s). 3.77 (4H. s). 7.15-7.24 (3H. m). 
7.77 (1H. dd, J 9 and 6), 7.83 (1H. dd. J 8 and 2). 7.87-7.91 (1H. m). 

b) 5,2'-Difluoro-5'-r7-trifluorompthYi . ri.81nanhthv rif <in-4-vl^hi phonyi-o- 
carbonitrilft 

5-Chloro-2-trifluoromethyl[1.8]naphthyridine (50 mg, 0.22 mmol) was 
coupled to 5'-(5.5-dimethyK1 .3.2]dioxaborinan-2-yl)-5.2'-difluoroblphenyl-2- 
carbonitrile (91 mg. 0.28 mmol) as described in Example 7 part g). affording 

5.2'-difluoro-5'-(7-trifluoromethyl-[1.8]naphthyridin-4-yl)biphenyl-2-carbonitrile 
(27 mg, 30%). 5h (360 MHz, CDCI3) 7.24 - 7.29 (1H. m). 7.34 (1 H. dt J7 2 
and 1 .9). 7.46-7.51 (1H. m). 7.59 - 7.65 (3H. m), 7.84 - 7.90 (2H. m), 8.68 (1 
H. d, J 8.8). 9.29 (1 H, d, J 4.2). m/z (ES*) 412 [MHf. 

EXAMPLE in 

4-Fluoro-3--(7-trifii.orome thviri.8 1n anhthv ridin-4-v/nh,p honv|.2.c^rhonitriio 

a) 4-Fluoro-3'-(4 4 5 '^-tetramethyl-f 1 ,3.21diQxahnrnl^ n-2-vnbinhAnyl-P. 
20 carbonitrite 

2-Bromo-5-fluorobenzonitrile was coupled with 3-nitrophenylboronic 
acid by the method of Example 7. part c) to yield 4-fluoro-3'-nitrobipheny|.2- 
carbonitrile. which was reduced to 3'-amino-4-fluorobiphenyl-2-carbonitrile by 
the method of Example 5. part b). This was converted into 4-fluoro-3'- 
25 (4,4.5,5-tetramethyKI .3.2]dioxaborolan-2-yl)biphenyl-2-carbonitrile as 

described In Example 7 parts e) and f). using bis(pinacolato)diboron instead 
of bis(neopentyl glycolato)diboron. The product was isolated as a brown oil 
which solidified on standing. S„ (400 MHz. CDCg 1 .36 (1 2H, s). 7.35 (i h. td. 

J 8.2 and 2.7). 7.44 - 7.54 (3H. m). 7.65 (1H. dt. J 8.2 and 1.7). 7.88 - 7 90 
30 (2H. m) 



15 



wo 03/006464 




PCT/GB02/03077 



10 



-52- 

b) 4-Fluoro-3'-(7-trifluoromethvlf1.8]naphthvridin-4-vnbiDhenvl-2-carbonitrile 
5-Chloro-2-trifluoromethyl[1 ,8]naphthyridine (50 mg, 0.22 mmol) was 
coupled to 4-fluoro-3'-(4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolan-2-yl)biphenyl-2- 
carbonitrile (91 mg, 0.28 mmol) as described In Example 7 part g), affording 

4- fluoro-3*-(7-trifluoromethyl[1,8]naphthyridin-4-yl)biphenyl-2-carbonitrile (22 
mg. 26%). §« (360 MHz. CDCIj) 7.39-7.45 (1H. m), 7.51-7.76 (7H. m). 7.87 
(1H. d, J 8.4), 8.71 (1H. d. J 8.4). 9.29 (1H. d. J 4.6). m/z (ES*) 394 [Mh]*. 

EXAMPLE 1 1 

5- (2-Fluoro-3-Dvridin-2-vlDhenvn-2-trifluoromethvl-f1.81naDhthvridine 



a) 2-(2-FluoroDhenvnDvridine 

A mixture of 2-bromopyridine (6.37 g, 35 mmol), 2- 

15 fluorobenzeneboronic acid (6.86 g, 49 mmol) and 2 M sodium carbonate 

solution (35 mL, 70 mmol) in THF (70 mL) was degassed with nitrogen for 20 
min. Tetrakis(triphenyl-phosphine)palladium(0) (1.21 g, 1.1 mmol) was 
added, and the mixture was stirred at reflux under nitrogen for 36 h. After 
cooling to room temperature, the mixture was partitioned between ethyl 

20 acetate and sodium carbonate. The organic phase was washed with water 
and then with saturated sodium hydrogencarbonate solution, was dried over 
magnesium sulfate and then was absorbed on to silica gel. Purification by 
flash chromatography on silica gel. eluting with isohexane (+0.5% 
triethylamine and 0.5% MeOH) on a gradient of diethyl ether (5% to 20%) 

25 afforded 2-(2-fluorophenyl)pyridine as a yellow oil which crystallised upon 

standing (5.5 g, 91%). 6„(400 MHz, CDCg 7.13-7.19 (1H, m). 7.24-7.28 (2H, 
m), 7.35-7.41 (1H. m). 7.73-7.81 (2H. m), 7.97 (1H. ddd. J8, 8 and 2), 8.72- 
8.74 (1H. m); m/z(ES*) 174 (MVH). 



30 



b) 2-Fluoro-3-(Dvridin-2-yl)benzeneboronic acid 

2.2,6.6-Tetramethylpiperidine (8.61 mL. 7.23 g, 51.2 mmol) was added 
dropwise with stirring to a mixture of 2.5 M solution of n-butyllithium in 
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hexanes (19.6 mL. 49 mmol) and THF (130 mL) at -78 °C. 2-(2-Fluoro- 
phenyDpyridine (8.06 g. 46.5 mmol) in THF (25 mL) was added dropwise with 
stirring to the resulting solution at -78 »C. and the mixture was stirred at the 
same temperature for 2 h. Trimethyl borate (10.5 mL. 9.67 g. 93 mmol) was 
added at -78 "C, and the mixture was stirred for a further 1 0 min before being 
allowed to warm to room temperature. 2 N Hydrochloric acid (12 mL) was 
added, then the mixture was stirred for 30 min at room temperature, and was 
concentrated in vacuo. The residual material was stirred with 2 N 
hydrochloric acid (130 mL) for 1 h. The mixture was adjusted to pH 14 by 
addition of 2 N sodium hydroxide solution, and was then washed with diethyl 
ether. Concentrated hydrochloric acid was added to the aqueous phase with 
ice-bath cooling, until the pH was ~8. precipitating a white solid. The slurry 
was stirred at 0 for 1 h. and was then filtered, yielding the residual boronic 
acd as a sticky white solid. This was refluxed in diethyl ether overnight and 
was then filtered, affording 2-fluoro-3-(pyridin.2.yl)benzeneboronic acid as a 
white powder (3.4 g, 34%). m/z (ES*) 218 (MVH). 

c) 5-(2-Fluoro-3-pvridin-?-vlDhenvn-P-tnf.. . oromethvl-fi ftjnaDhthvridin^ 

5-Chloro-2-trifluoromethyl[1.8]naphthyridine (50 mg. 0.22 mmol) was 
coupled to 2-fluoro-3-(pyridin-2-yl)ben2eneboronic acid (61 mg. 0.28 mmol) as 
described in Example 7 part g). affording 5-(2-fluoro-3-pyridin-2-ylphenyl)-2- 
trifluoromethyl[1.8]naphthyridine (17 mg. 21%). 5h (360 MHz. CDCy 7.30- 
7.36 (1H. m). 7.42-7.55 (2H. m). 7.66 (1H. d. J4.2). 7.77 - 7.83 (3H. m). 8.19 
(1H. td. J7.6 and 2.1). 8.38 (1H. dd. J2.3 and 8.6). 8.78 (IN. dt. J4.9 and 
25 1.4). 9.33 (1H; d. J 4.2). m/z (ES*) 370 [MHr 
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a) 2-Fluor o-3-(Dvridin-3-vl)benzeneboronic acid 

A mixture of 3-bromopyridine (3.37 mL, 5.53 g, 35 mmol), 2- 
fluorobenzeneboronic acid (6.12 g, 43.8 mmol) and potassium fluoride (6.71 
g. 11 6 mmol) in THF (50 mL) was degassed with nitrogen for 10 min. 
5 Tris(diben2ylideneacetone)dipalladium(0) (0.64 g, 0.70 mmol) and tn(tert- 
butyl)phosphine (7 mL of a 0.2 M solution in dioxane, 1.4 mmol) were added. 
A solid precipitated, giving a thick slurry which was stirred under nitrogen for 
15 min, then at 50 "C for 30 min. After cooling to room temperature, the 
mixture was partitioned between ethyl acetate and water. The organic phase 

10 was washed with saturated sodium chloride solution, then was dried over 
magnesium sulfate and pre-adsorbed on to silica gel. Purification by flash 
chromatography on silica gel eluting with isohexane (+0.5% methanol + 0.5% 
triethylamine) on a gradient of 20% to 40% ethyl acetate afforded 3-(2- 
fluorophenyOpyridine as a pale yellow oil. which crystallised upon standing. 

15 5h (360 MHz. DMSO) 7.33-7.40 (2H, m). 7.46-7.55 (2H. m). 7.61 (1 H. ddd. J 
8. 8 and 2). 7.96-8.01 (1H, m). 8.61 (1H. dd. J5 and 2). 8.77 (1H. s). 

b) 2-Fluor o-3-(pvridin-3-vnbenzeneboronic acid 

3-(2-Fluorophenyl)pyridine was lithiated and reacted with trimethyl 
20 borate as described in Example 1 1 to give 2-fluoro-3-(pyridin-3- 
yl)benzeneboronic acid as a white solid: m/z {ES^) 218 (M*+H). 

c) 5-(2-Fluoro-3-Dvridin-3-vlD henvn-2-trifluoromethvl-ri.81naDhthvridinft 

5-Chloro-2-trifluoromethyl[1.8]naphthyridine (50 mg, 0.22 mmol) was 
25 coupled to 2-fluoro-3-(pyridin-3-yl)benzeneboronic acid (61 mg, 0.28 mmol) as 
described in Example 7 part g). affording 5-(2-fluoro-3-pyridin-3-ylphenyl)-2- 
trlfluoromethyl[1,8]naphthyridine (36 mg. 45%). 5h (360 MHz. CDCg 7.40- 
7.55 (3H, m), 7.65-7.70 (2H. m). 7.84 (IN, d. J 8.4), 7.93 (1H. dq, J 8.1 and 
1 .9), 8.37 (1 H. dd. J 2.3 and 8.6), 8.67 (1 H. dd. J 1 .6 and 4.7). 8.86 (1 H. s), 
30 9.34 (1H. d. J 4.6).. m/z {ES*) 370 [MH]\ 
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EXAMPLE 13 

5.-(2-Fluoro-3-pvridin-4-vlnhenvn-P-tr.fi..nrn methvl-p «| n^phfhy..-^|^^ 

a) 2-FluQm-9-(pYrir<in -4.vnben7»npboronic acid 

A mixture of 4-bromopyridine hydrochloride (7.5 g. 38.6 mmol) and 2- 
fluorobenzeneboronic acid (6.75 g. 48 mmol) in tetrahydrofuran (80 mL) and 2 
M sodium carbonate (58 mL) was degassed with nitrogen for 20 min then 
tetrakis(triphenylphosphine)panadium(0) (1.34 g. 1.2 mmol) was added and 
the reaction heated at reflux for 24 h. The mixture was cooled to ambient 
temperature then partitioned between ethyl acetate and 10% sodium 
carbonate. The organics were washed with water and saturated sodium 
hydrogencarbonate, dried over anhydrous magnesium sulfate, filtered and 
pre-adsorbed onto silica. Purification by chromatography on silica eluting with 
.sohexane (containing 0.5% triethylamine) on a gradient of ethyl acetate (20- 
40%) afforded 4-(2-fluorophenyl)pyridine as a yellow oil that crystallised on 
standing (6.26 g. 94%): 8„ (400 MHz, CDCg 7.1 7-7.22 (1 H. m). 7.26 (1 H 
ddd. J8, 8 and 1). 7.38-7.44 (1H. m). 7.47-7.50 (3H. m). 8.68 (2H. d. J4)' m/z 
(ES*) 174(MVH). 

4- (2-Fluorophenyl)pyridine was lithiated and reacted with trimethyl 
borate as described in Example 11 to afford 2-fluoro-3-(pyridin-4- 
yl)benzeneboronic acid as a white solid: m/z (ES*) 218 (MVH). 

b)5-(2-Fluoro-3-pvridin-4-vlphPnvn-2-trifl.iornm»thv . fi.8in;.nhthy riHin^ 

5- Chloro-2-trifiuoromethyl(l.8]naphthyridine (50 mg. 0.22 mmol) was 
coupled to 2-fluoro-3-(pyridin-4-yl)benzeneboronic acid (61 mg. 0.28 mmol) as 
described in Example 7 part g). affording 5-(2-fluoro-3-pyridin-4-ylphenyl)-2- 
tnfluoromethylI1.8]naphthyridine (37 mg. 47%). 6h (360 MHz. CDCI ) 7 45- 
7.54 (4H. m). 7.65 (1H. d. J 4.2). 7.68-7.74 (1H. m). 7:84 (1H. d. J 8^4) 8 35 
(1H. dd. J 2.5 and 8.8). 8.72-8.74 (2H. m). 9.34 (1H. d. J 4.2). m/z (ES^) 370 
[MHJ*. 
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EXAMPLE 14 

5-(2.4-DifluQro -3-Dvridin-3-vlphenvn-2-trifluoromethviri.81naphthvridine 

5 a) 2.4-Difl uoro-3-(pvridin-3-vhphenvlamine 

A mixture of 3-bromo-2,4-djfluorophenylamine (prepared according to 
the procedure described in EP-A-01 84384) (12.5 g, 60 mmol). diethyl(3- 
pyridyl)borane (10.6 g, 72 mmol) and potassium carbonate (16.6 g, 120 
mmol) in tetrahydrofuran (150 mL) and water (50 mL) was degassed with 

10 nitrogen for 15 min. To this mixture was added tetrakis(triphenylphosphine)- 
palladium(O) (2.1 g, 1.8 mmol) and the reaction was heated at reflux for 4 
days. The mixture was cooled to ambient temperature and the majority of the 
tetrahydrofuran removed on a rotary evaporator. The residue was diluted with 
water (250 mL), extracted with ethyl acetate (300 mL), the organics were 

15 washed with water, brine, dried over anhydrous magnesium sulfate, filtered 
and pre-adsorbed onto silica. Purification by chromatography on silica gel 
eluting with isohexane (containing 1% triethylamine) on a gradient of ethyl 
acetate (10-50%) afforded 2.4-difluoro-3-(pyridin-3-yl)phenylamine as a 
cream-coloured solid (5.8 g, 47%): 5h (400 MHz, CDCI3) 3.69 (2H, br), 6.72- 

20 6.88 (2H. m), 7.39 (1 H, dd, J 8 and 5), 7.80 (1 H. d, J 8). 8.62 (1 H, dd, J 5 and 
1), 8.72 (1H, s). 

b) 3-(3-Bromo-2.6-difiuorophenvnDvridine 

2,4-Difluoro-3-(pyridin-3-yl)phenylamine was bromo-deaminated as 
25 described in Example 4 part c) to afford 3-(3-bromo-2.6- 

difluorophenyl)pyridine as a white solid: 6h (400 MHz, CDCg 6.97 (1H, ddd, J 
9. 9 and 2). 7.40-7.44 (1H. m), 7.55-7.60 (1H. m). 7.77-7.81 (1H, m), 8.66 
(1 H, dd, J 5 and 2). 8.71 (1 H. s). 

30 c) 2.4-Diflu oro-3-rDvridin-3-vnbenzeneboronic acid 

A mixture of 3-(3-bromo-2.6-difluorophenyl)pyridine (2.97 g, 1 1 mmol), 
potassium acetate (2.16 g. 22 mmol) and bis(neopentyl glycolato)diboron 
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(2.86 g, 1 2.7 mmol) in 1 .4-clioxane (30 mL) was heated at 90 "C for 1 6 h The 
reaction was cooled, filtered (washing the filter cake with a small quantity of 
diethyl ether) and the filtrate concentrated in vacuo. The residue was 
partitioned between diethyl ether (100 mL) and 1 M sodium hydroxide (100 
5 mL) and the organics discarded. The aqueous was washed with more diethyl 
ether and then cooled in an Ice-water bath. The pH was adjusted to 
approximately 6 with 36% hydrochloric acid, and allowed to stand for 1 h 
The resulting solid was collected by filtration and dried under vacuum to afford 
2.4-difluoro-3-(pyridin-3-yl)benzeneboronic acid (2.2 g. 85%) as a grey solid- 
10 m/z(ES*)236(M*+H). 

d) 5-(2.4-Dif|. .oro-3-pvridin-3-vlphenvl).2.triflHnmmofhy . f 1 .81n;.nhthv nH.n. 

5-Chloro-2-trifluoromethyl[1.8]naphthyridine (50 mg. 0.22 mmol) was 
coupled to 2.4-difluoro-3-(pyridin-3-yl)ben2eneboronic acid (66 mg. 0 28 
15 mmol) as described in Example 7 part g). affording 5.(2.4-difluoro-3-pyridin-3- 
ylphenyl)-2-trifluoromethyl[1.8Jnaphthyridine (27 mg. 34%). 6„ (360 MHz 
CDCg 7.28 (1H. m), 7.42-7.49 (2H. m). 7.63 (1H. d. J4.6). 7.84-7.88 (2H m) 
8.35 (1H. dd. J2.3 and 8.6). 8.69 (1H. dd. J 1.8 and 4.9). 8.80 (1H. s) 9 33 
(1 H. d. J 4.2). m/z (ES*) 388 [MMf. 



20 



EXAMPLF 

5-(2.4-Dif|.,oro.3-pvridin-^-vlphenvn.p.frifh.^r o methylfi ,«]n.pH.KyrHin^ 

25 a) 4-^2 fi-nif lubrophftn yllpy rifiinp. 

A suspension of 4-bromopyridine hydrochloride (6.81 g. 35 mmol) in 
tetrahydrofuran (100 mL) was treated with sodium hydroxide (8.75 mL of a 4 
N solution in water) and this mixture was stirred at ambient temperature for 5 
mm. 2.6-Difluorobenzeneboronic acid (6.36 g. 40 mmol) and potassium 

30 fluoride (6.71 g. 1 1 6 mmol) were added and this mixture was degassed with 
nitrogen for 10 min before adding tris(diben2ylideneacetone)dipalladium(0) 
(640 mg. 0.7 mmol) followed by tri-/e/t-butylphosphine (7 mL of a 0 2 M 
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solution in 1,4-dioxane, 1.4 mmol). This mixture was stirred at ambient 
temperature for 15 min then heated at 50 °C for 30 min. The reaction mixture 
was diluted with dichloromethane then extracted with ice-cold 1 N sodium 
hydroxide solution (x 2). The organics were dried over anhydrous magnesium 
sulfate, filtered and pre-adsorbed onto silica. Purification by chromatography 
on silica eluting with isohexane (containing 0.5% methanol and 0.5% 
triethylamine) on a gradient of ethyl acetate (20-30%) gave 4-(2,6- 
difluorophenyl)pyrldine as a white solid (3.2 g, 48%): 5h (400 MHz. CDCg 
6.99-7.06 (2H, m). 7.32-7.39 (1H. m). 7.40-7.42 (2H. m). 8.71 (2H. d. J 6). 

b) 2.4-Di fluoro-3-rDvridin-4-vhbenzeneboronic acid 

4- (2,6-Difluorophenyl)pyridine was converted to 2,4-difluoro-3-(pyridin- 
4-yl)ben2eneboronic acid using the procedure described in Example 1 1 part 

b) . m/z (ES*) 235 (M*+H). 

c) 5-(2.4-Difluoro-3-pvridin-4-vlphen vn-2-trifluQromethvlf1.8]naDhthvridine 

5- Chloro-2-trifluoromethyl[1,8]naphthyridine (50 mg. 0.22 mmol) was 
coupled to 2,4-difluoro-3-(pyridin-4-yl)benzeneboronic acid (66 mg. 0.28 
mmol) as described in Example 7 part g). affording 5-(2,4-difluoro-3-pyridin-4- 
ylphenyl)-2-trifluoromethyl-[1,8]naphthyridine (30 mg, 36%). 6h (360 MHz. 
CDCg 7.29 (IN. m), 7.41-7.50 (3H. m), 7.62 (1H, d. J4.6). 7.85 (1H. d. J 
8.8), 8.33 (1H. dd. J 2.3 and 8.6). 8.75-8.77 (2H. m). 9.34 (IN. d. J 4.6). m/z 
(ES*) 388 [MH]*. 

EXAMPLE 16 

3'-Fluoro-5'-(7-trifluoromethvl-f1.81naDh t hvridin-4-vnhiDhenvl-2-carhonitr.to 

a) 2-Brom o-4-f!uoro-6-nitrQphenvlamine 

A solution of 4-fluoro-2-nitroaniline (39.03 g. 250 mmol) in water (900 
mL) and 48% hydrobromic acid (1500 mL) was treated with bromine (15.26 
mL. 46 g. 288 mmol) added dropwise over 20 min. The resulting precipitate 



10 



15 



20 



25 



30 



wo 03/006464 ^_ ^_ 

PCT/GB02/03077 

-59 - 

was stirred at ambient temperature for a further 45 min then diluted with ice- 
water (2000 mL). The solid product was collected by filtration, washed with 
cold water and dried to afford 2-bromo-4-fluoro-6-nitrophenylamine as an 
orange powder (55 g. 94%): 6h (360 MHz. CDCy 6.49 (2H. br). 7.56 (1H. dd 
J 7 and 3). 7.90 (1 H. dd, J 9 and 3). 

b) 1 -Bromn-.q-fli i nro-S-nitrohftnyftno 

A mixture of 2-bromo-4-fluoro.6-nitrophenylamine (55 g. 234 mmol) in 
50% sulphuric acid (500 mL) was cooled to 0 "C then treated dropwise with a 
solution of sodium nitrite (22.6 g. 328 mmol) in water (100 mL) keeping the 
internal temperature <5 °C. Following the addition of the sodium nitrite the 
reaction was stirred at <5 °C for 1 h. Ethanol (75 mL) was then added 
followed by ferrous sulfate heptahydrate (32.5 g. 117 mmol) and the reaction 
st.rred at ambient temperature for 2 h. The reaction was diluted with water (1 
L) and extracted with dichloromethane (2 x 500 mL). The organlcs were 
combined, washed with saturated aqueous sodium hydrogencarbonate water 
and brine, then dried for 1 h over anhydrous magnesium sulfate containing 
decolorizing charcoal (5 g). Filtration through glass micro-fibre filter paper 
(Whatman GF/A) and evaporation to d^^ness gave an oil which on standing 
fumished 1-bromo-3-fluoro-5-nitrobenzene as colourless crystals (50 g 97%)- 
5„ (360 MHz. CDCg 7.61 (1H. ddd. J 8. 2 and 2), 7.90 (1H. ddd. J8. 2 and 
2). 8.20-8.23 (IH.m). 

c) 2-(3-Fluoro.5-nitrophenvl)-.'S 5-dimethv».f i o] ^ioxaborin;,no 

A mixture of 1-bromo-3-fluoro-5-nitrobenzene (17.6 g. 80 mmol) 
potassium acetate (15.7 g. 160 mmol) and bis(neopentyl glycolato)diboron in 
1.4-d,oxane (200 mL) was degassed with nitrogen for 30 min before adding 
dichloro[1.1'-bis(diphenylphosphino)ferrocene]palladium(ll) dichloromethane 
adduct (1.96 g. 2.4 mmol). The reaction was heated at 90 <=C for 16 h cooled 
to ambient temperature, filtered (washing the filter cake with a small quantity 
of dichloromethane) and the filtrate concentrated in vacuo. The residue was 
partitioned between diethyl ether (300 mL) and 2 M sodium hydroxide (300 
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mL) and the organics discarded. The aqueous was washed with more ether 
and then cooled in an ice-water bath. The pH was adjusted to approximately 
6 with 36% hydrochloric acid and allowed to stand overnight. The resulting 
solid was collected by filtration, washed with ice-cold water and dried under 
5 vacuum over phosphorus pentoxide to furnish 2-(3-fluoro-5-nitrophenyl)-5,5- 
dimethyl[1 ,3,2]dioxaborlnane as a buff-coloured solid (15 g, 74%): 5h (400 
MHz, DMSO) 0.97 (6H, s), 3.81 (4H, s), 7.81 (1H, dd. J8 and 2). 8.17 (1H, 
ddd, J 8, 2 and 2), 8.67 (1H, s). 

10 d) 3'-Fluoro>5'-nitrobiphenvl-2-carbonitrile 

A mixture of 2-(3-fluoro-5-nitrophenyl)-5,5-dimethyl- 
[1 ,3,2]dioxaborinane (15 g, 59 mmol) and 2-bromoben2onitrile (12.4 g, 68.2 
mmol) in 1 .2-dimethoxyethane (125 mL) and 2 M aqueous sodium carbonate 
(50 mL) was degassed with nitrogen for 30 min then treated with tetrakis- 

15 (triphenylphosphine)palladium(O) (2.06 g, 1.8 mmol). The reaction was then 
heated at 90 for 16 h, cooled to ambient temperature and partitioned 
between ethyl acetate and water. The organics were washed with brine, dried 
over anhydrous magnesium sulfate, filtered and pre-adsorbed onto silica gel. 
Purification by dry flash chromatography on silica gel, eluting with isohexane 

20 (containing 1 % methanol) on a gradient of ethyl acetate (1 0-40%) afforded 3'- 
fluoro-5'-nitrobiphenyl-2-carbonitrile as a cream-coloured solid (10.3 g, 72%): 
6h (400 MHz, CDCy 7.54-7.61 (2H. m). 7.65 (1H, ddd, J 8, 2 and 2), 7.74 
(1H, ddd. J 8, 8 and 2). 7.84 (1H, dd, J 8 and 2). 8.03 (1H, ddd, J 8, 8 and 2), 
8.22-8.24 (1H. m). 

25 

e) 5'-Amino-3'-fluorobiphenyl-2-carbonitrile 

A cooled (0 ""C) suspension of 3Mluoro-5'-nitrobiphenyl-2-carbonitrile 
(8,9 g, 37 mmol) in ethanol (70 mL) and tetrahydrofuran (70 mL) was treated 
with tin(ll) chloride dihydrate (29 g, 129 mmol) and the mixture was stirred at 
30 ambient temperature for 4 h. The solvent was removed in vacuo and the 

residue treated with ice-cold 2 N sodium hydroxide (400 mL). Th'^ resulting 
slurry was stirred for 30 min then extracted with dichloromethane (2 x 400 
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mL). The organics were combined, washed with water and brine, dried over 
anhydrous magnesium sulfate, filtered and pre-adsorbed onto silica. 
Purification by dry flash chromatography on silica, eluting with 
dichloromethane containing 0.5% triethylamine. afforded 5'-amino-3'- 
fluorobiphenyl-2-carbonitrile as a white solid (4.5 g, 58%): 5h (400 MHz. 
CDCg 3.90 (2H. br). 6.45 (1H. ddd, J 8. 2 and 2). 6.58-6.63 (2H. m). 7.AA 
(1H. ddd. J8. 8 and 2). 7.48 (1H. dd. J8 and 2). 7.62 (1H. ddd. J8. 8 and 2) 
7.74(1H,dd. J8and2). 



10 



15 



20 



25 



30 



f) 3--Fluoro-5--(4.4.5.5-tetramethvlf1 .3 P] H.ny qborolan.P-Yi) h.ph^»y._o. 
carbonitrile 

A warm solution of 5'-amino-3'-fluorobiphenyl-2-carbonitrile (4.5 g. 21 
mmol) in 1 ,4-dioxane (20 mL) was treated with 48% hydrobromic acid (100 
mL) and the resulting suspension stirred and cooled to 3 °C (internal 
temperature). A solution of sodium nitrite (1 .7 g. 24 mmol) in water (4 mL) 
was then added dropwise over 20 min keeping the internal temperature 
<5 °C. Stirring at <5 °C was continued for 2 h before adding a cooled (5 °C) 
solution of copper(l) bromide (9.1 g. 3 mmol) in 48% hydrobromic acid (30 
mL). The resulting purple reaction mixture was stirred at 5 °C for 10 min then 
warmed to 50 °C for 20 min. The reaction was diluted with ice-cold water 
(500 mL) and extracted with ethyl acetate (2 x 200 mL). The organics were 
combined, washed with 5% aqueous sodium sulphite and saturated aqueous 
ammonium chloride, dried over anhydrous magnesium sulfate, filtered and 
pre-adsorbed onto silica gel. Purification on silica gel. eluting with isohexane 
(containing 1% methanol) on a gradient of ethyl acetate (5-15%) afforded 5'- 
bromo-3'-fluorobiphenyl-2-carbonitrile as a white solid (5.52 g. 94%). 

A mixture of 5'-bromo-3'-fluorobiphenyl-2-carbonitrile (5.52 g. 20 
mmol). potassium acetate (5.9 g. 60 mmol) and bis(pinacolato)diboron (6.1 g. 
24 mmol) in 1 .4-dioxane (60 mL) was degassed with nitrogen for 20 min. 
Dichloro[1 . 1 '-bis(diphenylphosphino)ferrocene]palladium(ll) dichloromethane 
adduct (500 mg. 0.6 mmol) was then added and the reaction healed at 90 »C 
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for 24 h. The mixture was cooled to ambient temperature then partitioned 
between 2 N sodium hydroxide and diethyl ether. The aqueous layer was 
washed with a further portion of diethyl ether and the organics were 
discarded. The aqueous extract was made acidic (pH 6) with 36% 
5 hydrochloric acid and then extracted with diethyl ether. The organic extract 
was dried over anhydrous magnesium sulfate, filtered and pre-adsorbed onto 
silica gel. Purification by dry flash chromatography on silica gel. eluting with 
isohexane on a gradient of ethyl acetate (5-10%) afforded 3'-fluoro-5'- 
(4,4,5,5-tetramethylll .3,2]dioxaborolan-2-yl)biphenyl-2-carbonitrile as a 
10 colourless viscous oil (4.2 g, 65%) which crystallised on standing: 5h (400 

MHz. CDCg 1.35 (12H. s), 7.36 (1H, ddd. J 8. 2 and 2), 7.46 (1H, ddd, J8. 8 
and 2). 7.52 (1H. dd. J8 and 2), 7.57 (1H, ddd. J 8, 2 and 2). 7.64 (1H, ddd. J 
8. 8 and 2). 7.70-7.72 (1H. m). 7.76 (1H, dd. J 8 and 2). 

15 q) 3'-Fluoro-5'-(7-trifluoromethvlf1.81n aDhthvridin-4-vnbiDhenvl-2-carbonitrile 
5-Chloro-2-trifluoromethyl[1.8]naphthyridine (50 mg. 0.22 mmol) was 
coupled to 3'-fluoro-5'-(4.4.5.5-tetramethyl{1 .3.2]dioxaborolan-2-yl)biphenyl-2- 
carbonitrile (90 mg. 0.28 mmol) as described in Example 7 part g), affording 
3'-fluoro-5'-(7-trifluoromethyl[1,8]naphthyrldin-4-yl)biphenyl-2-carbonitrlle (30 

20 mg. 35%). 8h (360 MHz. CDCg 7.32-7.36 (1 H. m). 7.41-7.44 (1 H. m), 7.50- 
7.59 (3H. m). 7.64 (1H. d. J 4.6). 7.72 (1H. td. J 7.7 and 1.4), 7.85 (1H. dd. J 
7.7 and 0.7), 7.90 (1H. d. J8.8). 8.75 (1H. d, J8.8). 9.30 (1H. d. J4.2). m/z 
(ES*) 394 [MH]*. 

25 EXAMPLE 17 



2'-Ftuoro-5'-(7-trifluoromethvl-ri.81na ohthvridln-4-vnblDhenvl-3-carbonitrile 

a) 5^-(5.5-Dlmethviri.3.21dloxaborina n-2-vn-2'-fluoroblphenvl-3-carbQnitril«:> 

3-Bromoben2onitrile and 2-(2-fluoro-5-nitrophenyl)-4,4.5,5-tetramethyl- 
[1 .3.2]dioxaborolane were coupled using the procedure described in Example 
7 part c) to afford 2'-fluoro-5'-nitrobiphenyl-3-carbonitrile as a brown solid: 
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5h(360 MHz. DMSO) 7.33-7.40 (2H. m). 7.46-7.55 (2H. m), 7.61 (1H. ddd. J 
8. 8 and 2). 7.96-8.01 (1H, m), 8.61 (1H, dd. J5 and 2). 8.77 (1H. s). 

2'-Fluoro-5'-nitrobiphenyl-3-carbonitrile was reduced using the 
procedure described in Example 7 part d) to give 5'.amino-2'.fluorobiphenyl- 
3-carbonitrile as a brown solid: 8h (360 MHz. CDQ ) 3,66 (2H. s). 6.66-6.70 

(1 H.m). 6.71-6.74 (1H.m). 7.00 (1H.dd. J 9 and 9). 7.33-7.38 (1H m) 7 44- 
7.49 (IH.m). ' 

5'-Amino-2'-fluorobiphenyl-3-carbonitrile was bromo-deaminated using 
the procedure described in Example 7 part e) to give 5'-bromo-2'- 
fluorobiphenyI-3-carbonltrile as a pale brown solid; 5h (360 MHz. CDCI ) 7.09 
(1H. dd. J9 and 9). 7.47-7.52 (1H. m). 7.53-7.59 (2H. m). 7.68 (1H. ddd J8 
1 and 1). 7.75 (1H. ddd. J8, 1 and 1). 

5'-Bromo-2'-fluoroblphenyl-3-carbonitrile was converted to 5'-(5,5- 
dimethyKl .3.2]dloxaborinan-2-yl)-2'-fluorobiphenyl-3-carbonitrlle using the 
procedure described in Example 7 part f). This produced a brown oil that 
crystallised on standing: 5h (360 MHz, CDCg 1.04 (6H. s). 3.78 (4H. s). 7.15 

(1H. dd. J 8 and 8). 7.53 (1H. dd. J 8 and 8). 7.62-7.65 (1H. m). 7.79-7 88 
(4H. m). 
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b)2--Fluoro-5-.(7-trifluoromethvl-ri 81nanhthvriHin-^.y .)Kiphenvl-.-.-..rh.n....... 

5-Chloro-2-trifluoromethyl[1.8]naphthyridine (50 mg. 0.22 mmol) was 
coupled to 5'-(5.5-dimethyl[1 .3.2]dioxaborinan-2-yl)-2'-fluorobiphenyl-3- 
carbonitrile (87 mg. 0.28 mmol) as described in Example 7 part g). affording 

2'-fluoro-5'-(7-trifluoromethyI-[1.8]naphthyridin-4-yl)biphenyl-3-carbonitrile (9 
mg.11%). 5„ (360 MHz. CDCg 741-7.46 (IH.m). 7.51-7.63 (4H m) 7 72 
(IH. d, J7.7). 779-7.87 (2H. m). 791 (1H. d. J 1.1). 8.52 (1H. d. J8.8). 9.30 
(1H, d. J 4.2). miz {ES*) 394 [MH]*. 
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EXAMPLE 1» 

2'-Fluoro-5'-(7-trifluoromPth v|fi.8]nflphthYfidin-4-vl)hiphonvi. 



4-caroonitril<a 
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a) 5'-(5.5-difnethviri.3.2]di oxaborinan-2-vlV2^-fiuorobiDhenvl-4-carbonitrile 

4-Bromobenzonitrile and 2-(2-fluoro-5-nitrophenyl)-4,4,5,5-tetramethyl- 
[1 .3,2]dioxaborolane were coupled using the procedure described in Example 
5 7 part c) to afford 2'-fluoro-5'-nitrobiphenyl-4-carbonitrile as a brown solid: 
6h(400 MHz. CDCg 7.37 (1H. dd. J 9 and 9). 7.70 (2H. dd, J 8 and 1). 7.80 
(1H. dd, J 8 and 1). 8.29-8.33 (1H. m). 8.37-8.40 (1H, m). 

2'-Fluoro-5'-nitrobiphenyl-4-carbonitrile (3.03 g. 12.5 mmol) was 
reduced using the procedure described in Example 7 part d) to give crude 5'- 
10 amino-2'-fluorobiphenyl-4-carbonitrile as a brown solid. 

5'-Amino-2'-fluorobiphenyl-4-carbonitrile was bromo-deaminated 
following the procedure in Example 7 part e) to give 5'-bromo-2'- 
fluorobiphenyl-4-carbonitrile as a white solid: 5h (360 MHz. CDCg 7.08 (1H. 
dd. J 9 and 9). 7.47-7.52 (1H. m). 7.54-7.58 (1H, m), 7.63 (2H. dd. J 8 and 1), 
15 7.75(2H. dd. J8and 1). 

5'-Bromo-2'-fluorobiphenyI-4-carbonltrile was converted to 5'-(5.5- 
dimethyl-[1 ,3,2]dioxaborinan-2-yl)-2'-fluorobiphenyl-4-carbonitrile using the 
procedure described in Example 7 part f). This produced a brown solid: 5h 
(360 MHz. CDCg 1.03 (6H, s). 3.77 (4H. s). 7.15 (1H. dd. J8 and 8). 7.67- 
20 7.71 (4H. m), 7.80-7.83 (1 H, m). 7.81 (1 H, dd. J 8 and 2). 

b) 2'-Fluoro-5'-(7-trifluorome thviri.8]naphthvridin-4-yl)biphenvl-4-carbonitrile 
5-Chloro-2-trifluoromethyl[1.8]naphthyridlne (50 mg. 0.22 mmol) was 
coupled to 5'-(5,5-dimethyl[1 ,3,2]dioxaborinan-2-yl)-2'-fluorobiphenyl-4- 
25 carbonitrile (87 mg. 0.28 mmol) as described in Example 7 part g). affording 

2'-fluoro-5'-(7-trifluoromethyl[1,8]naphthyridin-4-yl)biphenyl-4-carbonitrile (21 
mg. 25%). 5h (360 MHz. CDCg 7.41 - 7.46 (1H. m), 7.52-7.60 (3H. m). 7.71- 
7.82 (4H. m), 7.85 (1H. d. J 8.4). 8.52 (1H. d. J 8.8). 9.30 (1H. d. J 4.6). m/z 
(ES*) 394 [MHy. 
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5-(6-Fluoro-?'-mpthanesulfonvlbiphfi nvl-3-vn-2-trifiuorQmftthyifi «]- 
naphthyridinff 

a) 2-Fluorr>-P^m<^th vithio-5-nitrohi phAnYl 

A mixture of 2-bromo-1-fluoro-4-nitroben2ene (5.89 g. 26.8 mmol). 2- 
(methylthio)ben2eneboronic acid (5.62 g. 33.5 mmol) and potassium fluoride 
(5.13 g, 88.3 mmol) in tetrahydrofuran (70 mL) was degassed with nitrogen for 
30 min. This mixture was then treated with 

tris(diben2ylideneacetone)dipalladium(0) (496 mg. 0.541 mmol) followed by 
tri-fe/r-butylphosphine (5.35 mL of a 0.2 M solution in 1 .4-dioxane. 1 .07 mmol) 
and the reaction was degassed for a further 1 0 min. The resulting slurry was 
then heated at 50 °C for 16 h under nitrogen. After cooling, the reaction 
mixture was partitioned between ethyl acetate (300 mL) and water (300 mL). 
The organic layer was washed with brine (200 mL). dried over anhydrous 
sodium sulphate, filtered and evaporated. Purification by chromatography on 
silica gel eluting with isohexane on a gradient of ethyl acetate (5-10%) gave 
2-fluoro-2'-methylthio-5-nitrobiphenyl as a pale yellow solid (6.95 g. 99%)- 5h 
(360 MHz. CDCy 2.42 (3H. s). 7.21-7.32 (3H. m). 7.37 (1H, d. J7). 7.44 (1H. 
td. J 8 and 2). 8.27-8.31 (2H, m). 

b) 2-Fluoro-2^-^methvlth io)biDhenvi-fS-Y lamino 

A solution of 2-fluoro-2'-methylthio-5-nitrobiphenyl (6.00 g. 22.8 mmol) 
in tetrahydrofuran (50 mL) and ethanol (50 mL) was treated with tin(II) 
chloride dihydrate (25.70 g. 1 13.9 mmol) and the mixture was stirred at 
ambient temperature for 25 h. The solvent was evaporated and the residue 
stirred with 2 N sodium hydroxide solution (240 mL) for 18 h. The resulting 
suspension was extracted with dichloromethane (3 x 200 mL). The combined 
organic extracts were dried over anhydrous magnesium sulphate and 
evaporated. The residue was purified by flash chromatography on silica gel 
eluting with 35% ethyl acetate in isohexane to afford 2-fluoro-2'- . 
(methylthio)biphenyl-5-ylamine as a white solid (5.20 g. 98%): 6h (360 MHz. 
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CDCI3) 2.39 {3H. s), 6.60 (1H, dd, J 6 and 3). 6.64-6.68 (1H. m). 6.94 (1H, t, J 
9). 7.19-7.20 (2H. m). 7.30 (1H, d, JB), 7.33-7.37 (1H. m). 

c) 5-Bromo-2- fluoro-2^-^methvlthio) bi phenYl 
5 To a solution of 2-fluoro-2'-(methylthlo)biphenyl-5-ylamine (397 mg, 

1.70 mmol) in 1,4-dioxane (2.1 mL) was added 48% aqueous hydrobromic 
acid (8 ml) and the mixture was cooled to 3 °C before the dropwise addition of 
sodium nitrite (137 mg, 1.98 mmol) in water (0.5 mL) over 5 min, while the 
temperature was kept below 5 °C. The resulting mixture was stirred at 4 ± 

10 1 °C for 2 h 40 min then more sodium nitrite (26 mg, 0.37 mmol) in water (0.1 
mL) was added dropwise and the mixture was stirred at 3 °C for 50 min. A 
cooled (3 °C) solution of copper(l) bromide (744 mg, 5.19 mmol) in 48% 
hydrobromic acid (2.4 mL) was added and the mixture was stirred at 3 °C for 
15 min then heated to 50 °C for 1 h. The mixture was cooled to ambient 

15 temperature, diluted with water (50 mL) and extracted with ethyl acetate (4 x 
35 mL). The combined organics were washed with 1 M aqueous sodium 
sulphite solution (30 mL), then saturated aqueous ammonium chloride 
solution (30 mL), dried over anhydrous magnesium sulphate and evaporated 
to give a brown oil. Purification by chromatography on silica gel eluting with 

20 isohexane on a gradient of ethyl acetate (0-2%) gave 5-bromo-2-fluoro-2'- 
(methylthio)biphenyl as a white solid (287 mg, 57%): 5h (360 MHz, CDCy 
2.40 (3H, s). 7.04 (1H. t, J9), 7.16-7.24 (2H. m). 7.32 (1H. d, J8). 7.36-7.51 
(4H. m). 

25 d) 5-Bromo-2-f luoro-2^(methanesu Ifon vnbip henyi 

To a cooled (0 °C) solution of 5-bromo-2-fluoro-2'-(methylthio)biphenyl 

(117 mg, 0.392 mmol) in anhydrous dichloromethane (7 mL) was added 3- 

chloroperoxybenzoic acid (55%, 309 mg, 0.984 mmol) portionwise over 5 min. 

The mixture was stirred for 30 min, the cooling bath was removed and stirring 
30 was continued for a further 6 h. The mixture was diluted with 

dichloromethane (20 mL) and washed with 5% aqueous sodium 
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hydrogencarbonate (2 x 20 mL). brine (10 mL), dried over anhydrous 
magnesium sulphate and evaporated. The residue was purified by flash 
chromatography on silica gel, eluting with 30% ethyl acetate in isohexane. to 
afford 5-bromo-2-fluoro-2'-(methanesulfonyl)biphenyl as a colourless oil (100 
mg, 77%): 6h (360 MHz. CDCg 2.90 (3H. s). 7.05 (1H. t. J 9). 7.37 (1H. dd. J 
7 and 1). 7.49 (1H. dd. J7 and 3). 7.51-7.55 (1H. m). 7.64 (1H, td. J8 and 2). 
7.69(1H.td, J8and2), 8.21 (1H. dd. JSand 1). 

e)2-(2-Fluoro-2Wmethanesulfonvnhip hP nvl-5-vn-4 4fi ,.^ .tetramethyl. 
f 1 ■3.21dioxahnrnlfln^ 

A mixture of 5-bromo-2-fluoro-2'-(methanesulfonyl)biphenyl (701 mg. 
2.13 mmol), dried potassium acetate (418 mg. 4.26 mmol) and 
bis(plnacolato)diboron (622 mg, 2.45 mmol) in 1.4-dioxane (4.9 mL) and 
dimethylsulfoxide (0.1 mL) was degassed by bubbling nitrogen through the 
mixture for 45 min. Dichloro[1.1'-bis(diphenylphosphino)ferrocene]. 
paHadium(ll) dichloromethane adduct (52.2 mg. 0.0639 mmol) was added and 
the mixture was stirred at 90 under nitrogen for 16 h. After allowing to 
cool, the mixture was filtered through glass fibre paper (GF/A) and the solid 
was washed with a little dichloromethane. The combined filtrates were 
evaporated in vacuo and the residue was partitioned between 2 M aqueous 
sodium hydroxide (10 mL) and diethyl ether (10 mL). The aqueous layer was 
washed with more diethyl ether (10 mL). cooled in an ice-water bath then 
acidified to pH 6 with 36% hydrochloric acid causing a solid to precipitate. 
This precipitate was aged at 4 oc for 10 h. the solid was collected by filtration, 
washed with water and dried under vacuum to leave 2-(2-fluoro-2'- 
(methanesulfonyl)blphenyl-5-yl)-4.4.5.5-tetramethyl-[l .3.2]dioxaborolane as a 
pale grey solid (809 mg. 100%): 6h (360 MHz. CDCg 1.33 (12H. s), 2.87 (3H. 
s). 7.16 (1H, dd. J 10 and 8). 7.38 (1H, dd. J7 and 1). 7.60 (1H. m). 7.66 (1h! 
m). 7.78 (1H. dd. J8 and 1). 7.85-7.89 (1H, m). 8.20 (1H. dd. J 8 and 1). 
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f) 5-(6-Fluoro-2'-met hanesulfonvlbiDhenvl-3-vl)-2-trifluoromethYlfl ,ft]- 
naphthvridine 

5-Chloro-2-trifluoromethyl[l,8]naphthyridine (50 mg, 0.22 mmol) was 
coupled to 2-(2-fluoro-2'-(methanesulfonyl)biphenyl-5-yl)-4,4.5,5-tetramethyl- 
C1,3.2]dioxaborolane (105 mg, 0.28 mmol) as described in Example 7 part g). 
affording 5-(6-fluoro-2'-methanesulfonylbiphenyl-3-yl)-2-trifluoromethyl[1,8J- 
naphthyridine (32 mg. 33%). 5h (360 MHz. CDCg 2.97 (3H. s). 7.38-7.46 
(2H. m). 7.54-7.74 (5H, m). 7.87 (1H, d. J 8.4). 8.26 (1H. dd. J 1.2 and 7.9). 
8.79 (1H. d. J 8.4), 9.27 (1H, d. J 4.2). m/z (ES') 447 [MHy. 

EXAMPLE 20 



5-(3'-MethoxvbiDhenvl-3-vn -2-trifluoromethvlf1.81naphthvridina 

3-Bromo-3'-methoxybiphenyl (prepared as described in patent WO 

15 01 30764) was converted to 2-(3'-methoxybiphenyl-3-yl)-5.5-dimetfiyl(1 ,3.2]- 
dioxaborinane using the procedure described in Example 7 part f). The crude 
product of this transformation (83 mg, 0.28 mmol) was coupled to 5-chloro-2- 
trifluoromethyl[1 ,8]-naphthyridine (50 mg, 0.22 mmol) as described in 
Example 7 part g), affording 5-(3'-methoxybiphenyl-3-yl)-2- 

20 trifluoromethyl(1 ,8]naphthyridine (1 1 mg, 13%). 5h (360 MHz. CDCg 3.87 
(3H. s). 6.95 (1H. m). 7.14 - 7.25 (2H. m). 7.40 (1H. t. J7.9), 7.47 (1H. d. J 
7.7). 7.56-7.69 (3H, m). 7.77-7.83 (2H. m). 8.59 (1H. d. J8.8). 9.29 (1H. d. J 
4.2). m/z{ES*)381 [MH] 

25 EXAMPLE 21 

5-[4-Fluoro -3-(3-fluoropvridin-4-vnDhenvi]-2-lrifluoromethvlf1.81naDhthvridine 

a) 4-f2-Fluoro-5-f4.4.5.5-tetram ethvl-ri.3.21dioxaborolan-2.vnDhenvn-3-fliinm- 
30 pyridine 

3-Fluoro-4-bromopyridine (isolated as its hydrobromide salt) was 
prepared as described by Queguiner etal. in Tetrahedron, 1983. 39. 2009- 
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2021 . This was coupled with 2-(2-fluoro-5-nitrophenyl)-4.4.5.5-tetramethyi- 
[1 .3.2]dioxaboroIane using the Suzul<i conditions described in Example 65 to 
give 4-(2-fluoro-5-nitrophenyl)-3-fluoropyridine: 8h (360 MHz, CDCg 7.37- 
7^42 (2H. m). 8.36-8.37 (1H. m). 8.38 (1H. s). 8.58 (1H. d. J 5), 8.65 (1H. d. J 

4-(2-Fluoro-5-nitrophenyl)-3-fluoropyridine was reduced using the 
procedure described in Example 5 part b) to give 4-(5-amino-2-fluorophenyl)- 
3-fluoropyridine as an off-white solid: m/z (ES*) 207 (M*+H). 

4-(5-Amino-2-fluorophenyl).3-fluoropyridine was bromo-deaminated as 
described in Example 4 part c) to give 4-(5-bromo-2-fluorophenyl)-3- 
fluoropyridine as a white solid: 5h (360 MHz, CDCg 7.1 1 (1H. t, J 10), 7.35 
(1H, t. J5), 7.55-7.58 (2H, m), 8.51 (1H, d, J5), 8.59 (1H, d. J 1). 

4- (5-Bromo-2-fluorophenyl)-3-fluoropyridine was reacted with 
bis(pinacolato)dlboron by the method of Example 4 part d) to give 4-[2-fluoro- 
5-(4.4.5.5-tetramethyK1 .3.2]dioxaborolan-2-yl)phenyl]-3-fluoropyridine as a 
buff-coloured solid: m/z (ES*) 235 (MVH). 

b)5-f4-Fluoro-3-(3-fluoropvridin-4-vnnh«.n Y n-2-trifliinrnmothY ip »], 
naphthvridinft 

5- Chloro-2-trifluoromethyl[1.8]naphthyridine (50 mg, 0.22 mmol) was 
coupled to 4-l2-fluoro-5-(4.4.5,5-tetramethy|.[l .3.2]dioxaborolan-2-yl)phenyl]- 
3-fluoropyridine (89 mg. 0.28 mmol) as described in Example 7 part g), 
affording 5-[4-fluoro-3-(3-fluoropyridin-4-yl)phenyl]-2- 
trifluoromethyl[1.8]naphthyridine (33 mg, 40%). 5h (360 MHz. CDCg 7.43- 
7.49 (2H. m), 7.58-7.61 (3H. m). 7.86 (1H. d. J8.8). 8.55 (2H. dd. J6.0 and 
2.1). 8.63 (1H. d, J 1.8). 9.30 (1H. d, J4.2). m/z(ES*) 388 (MHr 
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4-FluorQ- 3-(3-cvanopvridin-2-vnDhenvlboronic acid 

2-Chloronicotinonitrile (0.80 g. 5.8 mmol) was coupled to 2-(2-fluoro-5- 
njtrophenyl)-4,4,5,5-tetramethyI-[1,3,2]dioxaborolane (2 g, 7.49 mmol) using 
the method in Example 14 part a). Purification by chromatography on silica 
5 gel eluting with dichloromethane gave 2-(2-fluoro-5-nitrophenyl)nicotinonitrile 
as a yellow solid: 5h (360 MHz. CDCg 8.97 (1H. dd, J 5 and 2). 8.56 (1H, dd, 
J 6 and 3). 8.40-8.45 (1 H. m). 8.15 (1 H. dd. J 8 and 2). 7.55 (1 H. dd. J 8 and 
5), 7.43 (1 H. dd, J 9 and 9); m/z (ES*) 244 (M*+H). 

2-(2-Fluoro-5-nitrophenyl)nicotinonitrile (1 .2 g, 4.9 mmol) was reduced 
10 by the method described in Example 5 part b). Purification by 

chromatography on silica gel eluting with dichloromethane containing 1% 
methanol gave 2-(5-amino-2-fluorophenyl)nicotinonitrile as an orange oil: 6h 
(360 MHz, CDCg 8.88 (IN. dd, J 5 and 2), 8.07 (1H, dd, J 8 and 2), 7.42 (1H. 
dd. J 8 and 5). 7.04 (1H, dd. J 9 and 9), 6.85 (1H. dd. J 6 and 3). 6.76-6.81 
15 (1 H, m); m/z (ES*) 214 (M*+H). 

2-(5-Amino-2-fluorophenyl)nicotinonitrile (1 .0 g, 4.7 mmol) was bromo- 
deaminated by the method described in Example 4 part c) to give 2-(5-bromo- 
2-fluorophenyl)nicotinonitrile as a white powder: 5h (360 MHz, CDCI3) 8.92 
(1H, dd. J 5 and 1), 8.10 (1H, dd, J 8 and 2), 7.74 (I H, dd, J 6 and 2). 7.59- 
20 7.64 (IH, m), 7.48 (IH, dd, J 8 and 5), 7.15 (IH. dd. J 9 and 9). 

A degassed solution of 2-(5-bromo-2-fluorophenyl)nicotinonitrile (1 .53 
g. 5.5 mmol) and bis(neopentyl glycolato)diboron (1.37 g. 6.1 mmol) was 
formed in 1,4-dioxane (50 mL) with dimethylsulfoxide (1 mL). Potassium 
acetate (1 .08 g. 1 1 .0 mmol) and dichlorofi .1'- 
25 bis(dlphenylphosphino)ferrocene]palladium(ll) dichloromethane adduct (60 
mg. 0.1 mmol) were added and the mixture stirred at 80 °C for 18 h. The 
reaction was allowed to cool to ambient temperature and the solvent removed 
under reduced pressure. The residue was dissolved in 2 N sodium hydroxide 
solution (50 mL) and filtered. The filtrate was washed with diethyl ether (3 x 
30 50 mL) then cooled to 0 °C and made neutral with 36% hydrochloric acid. 

The resulting precipitate was filtered and dried over phosphorus nentoxide to 
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give 4-fluoro-3-(3-cyanopyridin-2-y|)phenylboronic acid as a white solid- miz 
(ES^) 242 (M +H). 

b)2j2Jluoro-5-(7-trifi.,oromPthYiri 81n3nhthvridin.4-vnnhony q..v.^«.^^;,ri„ 
5-Chloro-2-trifluoromethyl[1.8]naphthyridine (35 mg. 0,15 mmol) was 
coupled to 4-fluoro-3-(3-cyanopyridin-2-yl)phenylboronic acid (54 mg. 0.22 
mmol) as described in Example 7 part g). affording 2-[2-fluoro-5-(7- 
trifluoromethyl[1.8]naphthyridin-4-yl)phenylJnicotinonitrile (42 mg 71%) 5„ 
(360 MHz. CDCg 7.44-7.57 (2H. m), 7.62-7.70 (2H. m). 7.75 (1H. dd J2 5 
and 6.7). 7.87 (1H. d. ^8.8). 8.17 (1H. dd, J 1.8 and 7.7), 8.62 (1H. d, J8.4) 
8.95 (1 H, dd. J 1 .6 and 4.7). 9.29 (1 H. d. J 4.6). mIz (ES^ 395 [MMf. 

EXAMPLE P.q 

2.f2.Ruoro-5-(7.trifluoromethviri ainaDhthvriHin.^.y .)rKon^nnirnt.n.»,iH. 

a) 4-Fluoro-3-r2-ninnti n amide)phftny |borQnir ar^iH 

During the work up of 4-fluoro-3-(2-nicotinonitri(e)phenylboronic acid 
(Example 22. part a)), leaving the product in aqueous solution at pH 5 for 
extended periods of time resulted in hydrolysis of the product to give 4-fluoro- 
3-(2-nicotinamide)phenylboronic acid as a white solid: m/z (ES^ 261 (M*+H). 

P)2-f2-Fluoro-S-(7-trifluoromethviri »1nanhth.riHin.^.y .^phenvnninnt,n.».iH. 

5-Chloro-2-trifluoromethyl[1.8]naphthyridlne (50 mg. 0.22 mmol) was 
coupled to 4-fluoro-3-(2-nicotinamide)phenylboronic acid (73 mg. 0.28 mmol) 
as described in Example 7 part g). affording 2-[2-fluoro-5-(7. 

trifluoromethyl[1.8]-naphthyrldin-4.yl)phenyl]nicotinamide (33 mg 40%) 5„ 
(360 MHz. CDCg 5.74 (2H. br d. J55). 7.37 (1H. dd. J8.4 and 9.5) 7 46 (1H 
dd. J 4.9 and 7.7). 7.54-7.58 (1H, m). 7.63 (1H. d. J 4.2). 7.80-7.86 (2H m) 
8.08 (1 H. dd. J 1 .8 and 7.7), 8.62 (1 H. d. J 8.8). 8.82 (1 H. dd. J 1 .6 and 4 7) 
9.27 (1H. d. J 4.6). /n/z(ES*) 413 {UH\\ 
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EXAMPLE 24 

5-(3-Fluoro-5 -pvriclin-3-vlphenvn-2-trifluoromethvlf1.81naphthvridine 

5 a) 3-r3-(5. 5-Dimethviri.3.21dioxaborinan-2-vn-5-fluorQphenvnpvridine 
This was prepared as described in Example16, but using 3- 
bromopyridine instead of 2-bromoben2onitrile in step d), and using 
bis(neopentyl glycolato)diboron instead of bis(pinacolato)diboron in step f). Sh 
(400 MHz, CDCI3) 1.04 (6H, s), 3.79 (4H, s), 7.31-7.38 (2H, m), 7.49-7.52 (1H. 
10m). 7.80 (1H,s). 7.89-7.92 (1H, m), 8.61 (IH. dd. J 1.6 and 5.1), 8.86 (1H. d. 
J1f6)rWz (eS*) 286 [MH]\ 

b) 5-(3-Fluor o-5-pvridin-3-vlphenvn-2-trifluoromethviri.81naDlithvridinft 

5-Chloro-2-trifluoromethyl[1 ,8]naphthyridine (50 mg, 0.22 mmol) was 

15 coupled to 3-[3-(5.5-dimethyl[1 ,3,2]dioxaborinan-2-yl)-5-fluorophenyl]pyridine 
(80 mg, 0.28 mmol) as described in Example 7 part g), affording 5-(3-fluoro-5- 
pyridin-3-ylphenyl)-2-trifluoromethyl[1,8]naphthyridine (19 mg, 24%). 5h (360 
MHz. CDCI3) 7.24-7.63 (1H, m), 7.41-7.45 (IH, m), 7.48-7.52 (2H. m), 7.63 
(1H, d. J4.6). 7.86 (1H, d, J8.8). 7.92 (IH. dt, J8.1 and1.9). 8.55 (IH. d, J 

20 8.8), 8.69 (1 H, dd. J 1 .6 and 4.7). 8.90 (1 H. d, J 1 .8), 9.32 (1 H. d. J 4.6). m/z 
(ES*) 370 [MH]\ 

EXAMPLE 25 

25 5-f4-Fluor o-3-Pvrimidin-4-vlphenvn-2-trifluoromethvlf1.81naphthvridine 

a) 4-Fluoro-3-pvrimidin-4-vl-phenvlboronic acid 

2,4-Dichloropyrimidine (2.0 g, 13 mmol) was coupled to 2-(2-fluoro-5- 
nitrophenyl)-4,4,5,5-tetramethyl-[1,3,2Jdioxaborolane (3.9 g, 15 mmol) using 
30 the method in Example 14 part a). Purification by chromatography on silica 

gel eluting with dichloromethane containing 20% /so-hexane gave 2-chloro-4- 
(2-fluoro-5-nitro-phenyl)pyrimidine as a white solid: Sh (400 MHz, CDCI,) 7.40 
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(1H, dd, J 10 and 9). 7.85 (1H. dd. J 5 and 2). 8.38- 8.43 (1H, m), 8.77 (1H. d 
^6).9.16(1H,q, J3). 

A solution of 2-chloro-4-{2-fluoro-5-nitrophenyl)pyriinidine (800 mg. 3.2 
mmol) in ethanol (300 mL) was reduced under 40 p.s.i. hydrogen with 
platinum(IV) oxide (100 mg) for 30 minutes then filtered to give a solution of 3- 
(2-chloro-pyrimidin-4-yl)-4-fluorophenylamine: m/z (ES*) 224 (M*+H). 

To the solution of 3-(2-chloro-pyrimidin-4-yl)-4-fluorophenylamine from 

above was added triethylamine (0.48 mL, 3.15 mmol) and palladium on active 

carbon (100 mg. 10 % palladium) and the mixture was reduced under 40 p.s.i. 

hydrogen for 30 minutes. The mixture was filtered and the solvent removed to 

give 4-fluoro-3-pyrimidin-4-yl-phenylamine as a yellow solid: m/z (ES^ 1 90 
(M*+H). 

4-Fluoro-3-pyrimidin-4-yl-phenylamlne (1.0 g, 5.3 mmol) was bromo- 
de-aminated using the method in Example 4 part c) to give 4-(5-bromo-2- 
fiuoro-phenyOpyrimidine as a white solid: 5h (400 MHz. CDCg 7.10 (1H. dd. J 
1 1 and 9). 7.66-7.60 (1 H. m). 7.83-7.85 (1 H. m). 8.36 (1 H. dd. J 7 and 3). 
8.81 (1H. d. J6). 9.32 (1H. d. J1). 

4-(5-Bromo-2-fluorophenyl)pyrimidine (503 mg. 2.0 mmol) was reacted 
with bis(neopentyl glycolato)diboron (494 mg. 2.2 mmol) using the method in 
Example 14 part c) to give 4-fluoro-3-pyrimidin-4-yl-phenylboronic acid as a 
tan solid: m/z(ES^) 219 (M*+H). 



25 



b) 5-(4-Fkioro.3-pvrimidin-4-vlnhPny l )- 2 -triflnornm»thytri.81nap hthYriH.n^ 

5-Chloro-2-trifluoromethyl[1,8]naphthyridine (50 mg. 0.22 mmol) was 
coupled to 4-fiuoro-3-pyrimidin-4-yl-phenylboronic acid (61 mg. 0.28 mmol) as 
described in Example 7 part g). affording 5-(4-fluoro-3-pyrimidin-4-ylphenyl)-2- 
trifluoromethyl[1.8]naphthyridine (20 mg. 25%). 6h (360 MHz. CDCg 7.46 
(1H. dd. J 8.4 and 11.2). 7.60-7.64 (2H. m). 7.85 (1H. d. J 8.8), 7.96-7.98 (1H 
m). 8.42 (1H. dd. J 2.5 and 7.4). 8.53 (1H. d. J 8.4), 8:87 (1H. d, J 5.3), 9.30 
30 (1 H. s). 9.31 (1 H, s). m/z (ES^ 371 [MH]*. 
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EXAMPLE 26 

5-f3-(2-Methvl-2H-tetrazol-5 -vl)Dhenvn-2-trifluoromethviri.8]na phthYriHinft 

5 a) 5-f3-(5.5-Dimethvlf1.3. 21dioxaborinan-2-vnDhenvn-2-m6th\/l-2metrazolft 
5-(3-Bromophenyl)-2-methyI-2H-tetrazole (prepared as described in 
WO 9527692) was converted to 5-[3-(5,5-dimethyl[1,3.2]dioxaborinan-2- 
yi)phenyl]-2-methyl-2H-tetrazole as described in Example 7 part f). 5h (360 
MHz, DMSO) 0.98 (6H, s), 3.80 (4H, s), 4.43 (3H, s), 7.55 (1H, t. J7.7). 7.83 
10 (1H. d, J 7.4). 8.12 (1H. dt. J 7.7 and 1.4). 8.42 (1H. s). m/z (ES') 273 [MH]*. 

b) 5-f3-(2-Methvl-2H-tetra2ol -5-vnDhenvn-2-trifluoromethvlf1.81naohthvridinfi 
5-Chloro-2-trlfluoromethyl[l .8]naphthyridine (50 mg. 0.22 mmol) was 
coupled to 5-[3-(5,5-dimethyl-[1 .3.2]dloxaborlnan-2-yl)phenyl]-2-methyl-2H- 
15 tetrazole (76 mg, 0.28 mmol) as described in Example 7 part g). affording 5- 
[3-(2-metfiyl-2H-tetrazol-5-yl)phenyl]-2-trifluoromethyl[1 ,8]naphthyridine (5 mg 
7%). 6h (360 MHz. CDCg 4.43 (3H, s). 7.59-7.65 (2H, m), 7.73 (1 H. t, J 7.7). 
7.83 (1H. d. J8A), 8.29 (IN, s). 8.34 (1H. d, J7.4). 8.56 (1H. d, J8.1), 9.30 
(IN, d. J 3.9). m/z (ES^ 357 (MNf. 

20 

EXAMPLE 27 

5-(3-Furan-2-vlDhenvh- 2-trifluorom6thvlf1.81naDhthvridine 

25 a) 2-f3-Furan-2-vlDhenyn -5.5-dimethviri ■3.21dioxaborinanA 

2-(3-Bromophenyl)furan (prepared as described in J. Org. Chem, 1997, 
62, 7295-7304) was converted to 2-(3-furan-2-ylphenyl)-5,5-dimethyl[1 ,3,2]- 
dioxaborlnane as described in Example 7 part f). 6h (360 MHz. DMSO) 0.97 
(6H. s), 3.78 (4H. s), 6.58 (1H. q, J 1.8). 6.94 (1H, d. J 3.2). 7.41 (1H, t. J 7.7). 

30 7.61 (1 H. d. J 7.4). 7.73-7.79 (2H. m), 8.01 (1 H. s). 
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b) 5-(3-Fu ran-2-vlphenvl)-2-trifluornmfithviri .einaphthy rirtino 

5-Chloro-2-trlfluoromethyl[i,8]naphthyridine (50 mg. 0.22 mmol) was 
coupled to 2-(3-furan-2-ylphenyl)-5.5-dimethyl[1,3,2]-dioxaborinane (72 mg. 
0.28 mmol) as described in Example 7 part g). affording 5-(3-furan-2- 
ylphenyl)-2-trifluoromethyl[1.8]naphtfiyridine (36 mg, 49%). 5h (360 MHz, 
CDCg 6.63 (1H. q, J 1.8). 6.75 (1H. d. J 3.2). 7.35-7.38 (1H. m). 7.51 (1H, d, 
^1.1). 7.55-7.62 (2H. m), 7.79-7.86 (3H, m). 8.57 (1H. d. J8.4). 9.29 (1H. d. J 
4.2). /7Vz(ES*)341 [MH]*. 



EXAMPLE 28 

5-r3-(Pyridin-2-ylmethoxv)nhenvn-2-trifliJ o romethyl[i ftjnaDhthvririinfi 

a) 2-f3-(5,5-Dimethviri ,3 21dioxaborina n -2-vl)ohennvvmetfivl|p yririina 

3-Bromophenol (1.00 g, 5.8 mmol), 2-picolyl chloride hydrochloride 
(950 mg, 5.8 mmol) and potassium carbonate (3.20 g, 23 mmol) were stirred 
together in DMF (10 mL) at room temperature ovemight. The solvent was 
removed in vacuo, azeotroping with xylene to remove the last traces of DMF. 
The residual material was partitioned between ethyl acetate (70 mL) and 
water (70 mL). then the organic phase was washed with saturated sodium 
chloride solution (1 x 50 mL), was dried over magnesium sulfate, and was 
concentrated in vacuo to afford 2-(3-bromophenoxymethyl)pyridine (1.48 g, 
97%). mfz (ES^) 265 [MH\\ 

2-(3-Bromophenoxymethyl)pyridine (1.48 g, 5.6 mmol) was converted 
to 2-[3-(5.5-dimethyl{l.3.2]dioxaborinan-2-yl)phenoxymethyl]pyridine (1.55 g. 
93%) by the procedure described in Example 7 part f). 6h (360 MHz. CDCg 
1.02 (6H. s). 3.76 (4H. s), 5.24 (2H, s), 7.04-7.07 (1H, m), 7.23 (1H. dd. J5.4 
and 6.8), 7.19-7.25 (1H. m). 7.29 (1H. t. J8.1). 7.42 (IN. d, J 7.4). 7.47 (1H. 
d, J 2.5) 7.55 (1H, d. J7.7). 7.71 (1H, td. J7.7 and 1.8). 8.60 (1H. d. J 4.2). 
m/z(ES*)230IM-C,H,]\ 
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b) 5-f3-(Pvridin-2-vlmethoxv)phenvl]-2-trifluoromethviri,81naphthvridin 

5-Chloro-2-trifluoromethyl[1 ,8]naphthyridine (50 mg, 0.22 mmol) was 
coupled to 2-[3-(5,5-dimethyl[1 ,3,2]dioxaborinan-2-yl)phenoxymethyl]pyridine 
(83 mg, 0.28 mmol) as described in Example 7 part g), affording 5-[3-(pyridin- 
5 2-ylmethoxy)phenyl]-2-trifluoromethyl[1,8]naphthyrldine (36 mg, 34%). Sh 
(360 MHz, CDCy 5.28 (2H. s), 7.07-7.1 1 (2H. m), 7,20 (1H, dd, J 2,1 and 
8.4). 7.23 ~ 7.30 (1H, m), 7.47-7.56 (3H, m), 7.73-7.78 (2H, m), 8.50 (1H. d, J 
8.8), 8.61 (IH, d, J 4.6), 9.26 (1H, d, J 4.6). ir?/z(ES*) 382 [MH]\ 

10 EXAMPLE 29 

5-(4-Fluoro-3-morpholin-4-vlmethvlphenvn-2-trifluoromethvl[1.81naphthvridine 

a) 4-[5'(5.5-Dimethvlf1,3.21dioxaborinan-2-yl)-2-fluorobenzvnmorpholine 
15 To 5-bromo-2-fluorobenzaldehyde (2.50 g, 12 mmol) and morpholine 

(1.61 mL, 1.61 g, 18 mmol) in 1 ,2-dichloroethane (100 mL) was added sodium 
triacetoxyborohydride (5.21 g, 25 mmol) portionwise with stirring at room 
temperature over 5 min. The mixture was stirred under nitrogen for 1 h, then 
2 N sodium hydroxide solution (100 mL) was added, and the mixture was . 
20 stirred for a further 5 min. The biphasic mixture was separated, and the 

aqueous layer was washed with dichloromethane (2 x 75 mL). The combined 
organic layers were washed with saturated sodium chloride solution (1 x 50 
mL) and were concentrated in vacuo. The crude product was purified by flash 
chromatography on silica gel, eluting with 75% diethyl ether in isohexane (+ 
25 1 % triethylamine), to yield 4-(5-bromo-2-fluorobenzyl)morpholine (3.1 8 g, 
94%). 

4-(5-bromo-2-fluoroben2yl)morpholine (1.00 g, 3.7 mmol) was 
converted to 4-[5-(5.5-dimethyl[1 ,3,2]dioxaborinan-2-yl)-2- 
fluorobenzyl]morpholine (1 .12 g, 100%) by the procedure described in 
30 Example 7 part f). 5h (360 MHz. CDCg 1 .02 (6H, s), 2.49 (4H, t, J 4.4), 3.71 
(4H. t, J 4.6), 3.76 (4H. s), 7,01 (IH, dd, J10.2 and 8.1). 7.70 (IH, m), 7.76 
(IN, dd, J 8.1 and 1.4), m/z(ES*) 240 [M-C^HJ. 
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b) 5-(4-Fluoro-3-morpholin-4-vlmethvlo henvn-2-triflunromethvlfi «]- 
naphthy ridiriFt 

5-Chloro-2-trifluoromethyl[1.8]naphthyridine (50 mg. 0.22 mmol) was 
coupled to 4-[5-(5.5-dimethyl[1,3,2]dioxaborinan-2-yI)-2- 
fluorobenzyljmorpholine (86 mg. 0.28 mmol) as described in Example 7 part 
g), affording 5-(4-fIuoro-3-morpholin-4-ylmethylphenyl)-2- 
trifluoromethyl[1.8Jnaphthyridine (10 mg. 12%). 5„ (360 MHz. CDCg 2.54 
(4H. t. J 4.2). 3.68 (2H. s). 3.71 (4H. t. J 4.4). 7.26 (1H, t, 8.8). 7.37 (1H. m), 
7.55-7.58 (2H. m). 7.82 (1H. d. J8.4). 8.49 (1H. d, J8.4). 9.27 (1H. d. J4.2) 
m/z(ES*)392{MHr. 

EXAMPLE C^n 

5-r3-(3.5-Dlfluoropyridin-?-vn-4-fluornnh^ny l ] .2-trifl.iornmothy i ri 
naphtfivridine 

a) 2,4-Dibromo-3.5-difliioro-6-r2-flnnrn-s - nitrophPnv » ) pyriHin^ 

To a degassed mixture of 3.5-difluoro-2,4,6-tribromopyridine (4.26 g. 
12.1 mmol). 2-(2-fluoro-5-nitrophenyl)-4,4,5,5-tetramethyl- 
[1.3.2]dioxaborolane (2.80 g. 10.4 mmol). aqueous sodium carbonate (10 mL 
of a 2 M solution) and tetratiydrofuran (40 mL) was added 
tetrakis(triphenylphosphine)palladium(0) (0.67 g). The mixture was then 
stirred at 55 X for 48 h under an atmosphere of nitrogen. The reaction 
mixture was then partitioned between water and ethyl acetate. The organic 
layer was separated and evaporated and the residue chromatographed on 
silica gel eluting with isohexane on a gradient of dichloromethane (20-40%) to 
afford 2.4.dibromo-3.5-difluoro-6-(2-fluoro-5-nitrophenyl)pyridine as a solid 
(1.21 g): 5„ (400 MHz. CDCg 7.37 (1H. t. J 9). 8.38 (1H. m). 8.55 (1H. dd. J 6 
and 3). 
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b) 3-(3.5-D ifluoropvridin-2-vn-4-fliioroDhenvlamine 

To 2,4-dibromo-3,5-clifluoro-6-(2-fluoro-5-nitrophenyl)pyridine (1 .20 g, 
2.91 mmol) dissolved in dichloromethane (30 mL) was added triethylamine (3 
mL) and ethanol (80 mL) followed by 10% palladium on carbon (0.536 g). 
5 The mixture was then shaken under an atmosphere of hydrogen gas at 45 psi 
until complete reaction was indicated by TLC (0.25 to 3.5 h). The catalyst 
was then removed by filtration through glass microfibre filter paper (GF/A) and 
the solvent stripped at reduced pressure to afford 3-(3.5-difluoropyridin-2-yl)- 
4-fluorophenylamine which was used subsequently without further purification: 
10 m/z(ES*)225(MH*). 

c) 2-(5-Bro mo-2-fluorophenvn-3.5-difluoroDvridinft 

To the 3-(3,5-difluoropyridin-2-yl)-4-fluorophenylamine prepared above 
was added 1,4-dioxane (5 mL) and 48% aqueous hydrogen bromide (15 mL). 
15 The solution was cooled to -1 0 "C and a solution of sodium nitrite (0.252 g) in 
water (1 mL) was added dropwise with stirring at such a rate as to maintain an 
internal temperature below -5 "C. The mixture was then stirred for a further 1 
h at <0 "C before a solution of copper(l) bromide (1.283 g) in 48% aqueous 
hydrogen bromide (5 mL) was added slowly with stirring to maintain a reaction 
20 temperature below 1 0 °C. This mixture was then stirred at 10 "C for 1 h. 

ambient temperature a further 1 h and then heated at 35 °C for 30 min. The 
reaction mixture was then cooled in an ice-water bath and 4 N aqueous 
sodium hydroxide (41 mL) was added slowly with stirring, followed by 30% 
aqueous ammonia (15 mL). The resulting mixture was extracted with ethyl 
25 acetate. The organic extract was evaporated and the residue subjected to 
chromatography on silica gel. eluting with 10% diethyl ether in isohexane. to 
afford 2-(5-bromo-2-fluorophenyl)-3,5-difluoropyridine (0.48 g) as a colourless 
solid: m/z (ES*) 288, 290 (MH^). 



30 



d) 4-Fluoro-3-r3.5-di fluoropvridin-2-vhphenvlboronic acid 

To 2-(5-bromo-2-fluorophenyl)-3.5-difluoropyridine (0.746 n, 2.59 
mmol), and bis(neopentyl glycolato)diboron (0.704 g) was added dry 1 ,4- 
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dioxane (9 mL) and dry dimethylsulfoxide (1.1 mL) followed by potassium 
acetate (0.542 g) and dichloro[1.1'-bis(diphenylphosphino)ferrocene]- 
palladium(ll) dichloromethane adduct (0.080 g). The mixture was thoroughly 
degassed with nitrogen and then stirred at 85 °C for 24 h. On cooling to 
ambient temperature 1 N aqueous sodium hydroxide (24 mL) was added and 
the mixture stirred for 30 min. Diethyl ether was added and the aqueous 
phase separated and washed with diethyl ether. The organics were 
discarded. The aqueous phase was filtered then acidified to pH 5 by addition 
of 2 N aqueous hydrochloric acid (12 mL). The resulting solid was collected 
by filtration, washed with water and dried in vacuo at 60 °C to afford 4-fluoro- 
3-(3.5-difluoropyridin-2-yl)phenylboronic acid (0.618 g) as a colourless solid: 
5h (400 MHz, DMSO) 8.69 (1H. d, J2), 8.21 (2H. s). 7.94-8.14 (3H. m). 7.34 
(1H, dd, J11 andS). 

e) 5-f3-f3.5-Difluoro pyridin-2-vl)-4-fluorQnhftny n- 9.trifluorQm«.thY ifi 
naohthvriftinft 

5-Chloro-2-trifluoromethylf1,8]naphthyridine (50 mg. 0.22 mmol) was 
coupled to4-fluoro-3-(3.5-difluoropyridin-2-yl)phenylboronic acid (71 mg. 0.28 
mmol) as described in Example 7 part g), affording 5-[3-(3.5-difluoropyridin-2- 
yl)-4-fluorophenyl3-2-trifluoromethyl[1,8]-naphthyridine (59 mg. 68%). 6h (360 
MHz. CDCg 7.36-7.44 (2H. m), 7.55-7.62 (2H. m). 7.75 (1H. dd. J 2.3 and 
6.5). 7.85 (1H. d. J8.8). 8.48 (1H. d. J2.1). 8.57 (1H. d. J8.8). 9.28 (1H. d. J 
4.2). /tVz (ES*) 406 (MHr. 

EXAMPLE 31 



16 



20 



30 



2'-Fluoro-5'-(7-trifluoromethviri 81nanhthvriHin./L- vnbiohAnvi-p.r^.rh^»;..;.^ 

5-Chloro-2-trifluoromethylIl.8]naphthyridine (50 mg. 0.22 mmol) was 
coupled to 2'-fluoro-5'-(4.4.5,5-tetramethyl-[1 .3,2]dioxaborolan-2-yl)biphenyl- 
2-carbonitrile (prepared as described in Example 2. steps a) to e). 90 mg. 
0.28 mmol) as described in Example 7 part g). affording 2'-fluoro-5'-(7- 
trifluoromethyl[1.8Jnaphthyridin-4-yl)biphenyl-2-carbonitrile (56 mg. 66%). 5h 
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(360 MHz, CDCg 7.47 (1H, t, J 9.3), 7.53-7.62 (5H, m), 7.71 (1H, td, J, 7.7 
and 1 .4), 7.85 (1 H, dd, J 7.7 and 0.7), 7.88 (1 H, d, J 8.4), 8.71 (1 H. d. J 8.8). 
9.28 (1H, d, J 4.6). m/z(ESl 394 [MH]*. 

5 EXAMPLE 32 

5-(4-Fluoro-3-pvridin-2-vn-2-trifluoromethvif1.81naphthvridine 

a) 2-f2-Huoro-5-nitrophenvl)pvridine 

10 A mixture of 2-bromo-1-fluoro-4-nitrobenzene (2.0 g, 9.1 mmol) and 2- 

(1,1,1-tributylstannyl)pyridine (3.36 g, 9.1 1 mmol) in THF (80 mL) and DMF 
(10 mL) was degassed with nitrogen. [1,1'-Bis(diphenylphosphino)ferrocene]- 
dichloropalladium(ll) complex with dichloromethane (200 mg, 3 mol%) was 
added, and the mixture was heated at reflux for 24 h. More 2-bromo-1 -fluoro- 

15 4-nitrobenzene (0.60 g, 2.7 mmol) and catalyst (100 mg, 1 .5 mol%) were 
added, and the mixture was heated as before for another 24 h. The solvent 
was removed in vacuo, and the residue was purified by flash chromatography 
on silica gel, eluting with 50% dichloromethane in isohexane, then 100% 
dichloromethane. then 100% ethyl acetate (UV detection). 2-(2-Fluoro-5- 

20 nitrophenyOpyridine was isolated as a colourless solid (2.1 1 g, 100%). 6h 
(400 MHz. CDCI3) 7.30-7.37 (2H, m), 7.80-7.87 (2H, m), 8.27 (1H. m). 8.78 
(1H. m). 9.01 (1H. dd, J 3.1, 6.7); MS (ES*) m/z 21 9 (M+Hr 

b) 4-Fluoro-3-(pvridin-2-vhaniline 

25 To 2-(2-fluoro-5-nitrophenyl)pyridine (2.1 1 g, 9.68 mmol) in ethanol (40 

mL) stirred in a water bath at 20 °C. was added dry tin(ll) chloride (7.10 g, 
37.3 mmol) portlonwise. The mixture was then stirred at room temperature for 
18 h. Aqueous ammonia (40 mL of a 25% solution) was added, and the 
solvent was removed in vacuo, azeotroping with ethanol to remove traces of 

30 water. The residue was sequentially boiled in ethyl acetate and filtered three 
times. The combined filtrates were concentrated in vacuo to yield 4-fluoro-3- 
(pyridin-2-yl)aniline as a yellow solid (1 .54 g, 85%). 5h (400 MHz. CDCy 3.65 
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(2H. br s). 6.68 (1H, m). 6.98 (1H. dd. J8.6, 1 1.0). 7.22-7.31 (2H, m), 7.71- 
7.83 (2H, m), 8.70 (1H, m); MS (ES*) m/z 189 [M+Hf. 

c) 2-(5-Brnmo-P-fi uoroDhenvl)pvridine 

To a solution of copper(ll) bromide (2.0 g. 8.6 mmol) in anhydrous 
acetonitrile (30 mL) was added tert'-butyl nitrite (1.64 mL. 1.42 g, 13.8 
mmoOdropwise with stin-ing at 4 °C. A solution of 4-fluoro-3-(pyridin-2- 
yl)aniline (1.54 g. 8.2 mmol) in acetonitrile (10 mL) was added dropwise with 
stirring over 5 min. then the mixture was allowed to warm to room temperature 
and was stirred for 16 h. The mixture was partitioned between ethyl acetate 
and 25% aqueous ammonia, and the aqueous phase was further extracted 
with ethyl acetate. The combined organic layers were washed with saturated 
brine and were concentrated in vacuo. The residual material was purified by 
flash chromatography on silica gel. eluting with dichloromethane. affording 2- 
(5-bromo-2-fluorophenyl)pyridine (669 mg, 32%). Sh (400 MHz. CDCy (1H. 
s), 7.07 (1H. dd, J 8.6. 10.6). 7.29 (1H. m). 7.48 (1H. m). 7.77-7.79 (2H. m). 
8. 1 7 (1 H. dd, J 2.5, 6.8). 8.73 (1 H, m); MS (ES*) m/z Z'S2IZ'SA [MJ*. 

d) 4-Fluoro-3-rDvridin- 2-vnDhenvlhoronic acid 

To 2-(5-bromo-2-fluorophenyl)pyridine (544 mg. 2.16 mmol) and 
bis(neopentyl glycolato)diboron (585 mg, 2.60 mmol) under nitrogen was 
added dry potassium acetate (450 mg, 4.58 mmol), anhydrous dioxane (8 mL) 
and DMSO (1 mL). The mixture was degassed with nitrogen, and [1.1'- 
bis(diphenylphosphino)-ferrocene]dichloropalladium(ll) complex with 
dichloromethane (50 mg. 3 mol%) was added. After stirring at 85 °C under 
nitrogen for 15 h. the mixture was cooled to room temperature, and sodium 
hydroxide solution (20 mL of a 1 M solution) was added. The mixture was 
stirred for 10 min, and was then extracted twice with diethyl ether. The 
combined ether extractions were washed with water, then the combined 
aqueous layers were filtered through a glass fibre filter paper. The pH of the 
filtrate was adjusted to 6 by the addition of 2 N hydrochloric acid.orecipitating 
a white solid. This was collected by filtration, washed with water and dried in 
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vacuo at 60 ''C, and was found to be 4-fluoro-3-(pyridin-2-yl)phenylboronic 
acid (455 mg. 97%). 5h (400 MHz, DMSO) 7.30 (1 H, dd, J 8.2. 1 1 .7). 7.41 
(1H. m). 7.77 (1H. m), 7.90 (2H. m). 8.16 (2H. s). 8.36 (1H, dd. J 1.6. 8.6), 
8.72 (1H, m); MS (ES*)218. 

5 

e) 5-(4-FluQro -3-Dvridin-2-vn-2-trifluoromethvlf1.81naDhthvridine 

5-Chloro-2-trifluoromethyl[1.8]naphthyridine (50 mg. 0.22 mmol) was 
coupled to 4-fluoro-3-(pyridin-2-yl)phenylboronic acid (61 mg, 0.28 mmol) as 
described In Example 7 part g), affording 5-(4-fluoro-3-pyridin-2-yl)-2- 
10 trifluoromethyl-[1 ,8]naphthyridine (39 mg, 49%). 8h (360 MHz, CDCg 7.32 

(1H. ddd, J 7.7. 4.9 and 1.1). 7.40 (1H, dd, J10.9 and 8.4). 7.49-7.52 (1H. m). 
7.63 (1H, d, J 4.2). 7.80-7.84 (2H. m). 7.92 (1H. dt, J 8.1 and 1.1), 8.22 (1H. 
dd. J 2.1 and 7.4). 8.57 (IN. d. J 8.8). 8.70-8.74 (1H. m), 9.28 (1H, d. J4.2). 
m/z(ES*)370[MHr. 

15 

EXAMPLE 33 

6.2'-Difluoro-5'-r7-trifiuoro methvin.81naphthvridin-4-vnbiDhenvl-3-carbQnitrilP> 

20 a) 6,2'-Difluoro-5'-r4.4.5. 5-tetramethviri.3.21diQxaborolan-2-vnbiphenvl-3- 
carbonitrile 

3-Bromo-4-fluoroben2onitrile (2.00 g, 10 mmol) was coupled to 2-(2- 
fluoro-5-nitrophenyl)-4,4,5.5-tetrametfiyl-[1.3.2]d[oxaborolane (4.01 g, 15 
mmol) following the procedure described in Example 14 part a), affording 6.2'- 

25 difluoro-5*-nitrobipfienyl-3-carbonitrile as a brown solid (2.60 g, 100%). 5h 
(360 MHz. CDCg 7.38 (2H. q. J 8.8). 7.77-7.82 (2H. m). 8.33-8.38 (2H. m). 

6.2'-Difluoro-5'-nitrobiphenyl-3-carbonitrile (2.60 g. 10 mmol) was 
reduced following the procedure described in Example 5 part b). affording 5'- 
amino-6.2'-difluorobiphenyl-3-carbonitrile as a brown solid (2.30 g, 100%). 6h 

30 (360 MHz. CDCI,) 3.65 (2H. br s), 6.64 (1 H. dd. J 2.8. 6.0). 6.69-6.74 (1 H. m). 
6.99 (1H, t, J9.1). 7.26 (1H. t. J 9.0). 7.65-7.80 (2H. m). mlz{BS:\ 231 [MH]*. 
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5'-Amino-6.2'-dlfluorobiphenyl-3-carbonitrile (2.30 g, 10 mmol) was 
bromodeaminated following the procedure described in Example 2 part d). 
affording 5'-bromo-6.2'-difluorobiphenyl-3-carbonitrile as an orange solid (644 
mg. 22%). 5h (360 MHz. CDCy 7.10 (1H. t. J9.1). 7.30 (1H. t. J9.1). 7.50- 
7.57 (2H, m). 7.71-7.75 (2H. m). 

5'-Bromo-6,2'-difluorobiphenyl-3-carbonitrile (640 mg, 2.2 mmol) was 
converted into 6.2'-difluoro-5'-(4.4.5.5.tetramethyl(1 .3.2]dioxaborolan-2- 
yl)biphenyl-3-carbonitrile (477 mg. 64%) following the procedure described in 
Example 4 part d). 5„ (360 MHz, DMSO) 1 .31 (1 2H, s), 7.40 (1 H. dd, J 8.4 
and 2.1). 7.59 (1H. t. J9.1). 7.74 (1H. dd, J1.1. 8.1). 7.80-7.84 (1H. m). 8.01- 
8.05 (1H, m), 8.12 (1H, dd, J1.9 and 6.8). 

b) 6,2 -Dif|(,oro-5'-(7-trifluoromethvlfl ft] n^p hthvridin-4-vi) h;pho»yt,cf 
carbonitrilft 

5-Chloro-2-trifluoromethyIf1,8]naphthyridine (50 mg, 0.22 mmol) was 
coupled to 6.2'-difluoro-5'-(4,4,6.5-tetramethyl[1 .3,2]dioxaborolan-2- 
yl)biphenyl-3-carbonitrile (96 mg. 0.28 mmol) as described in Example 7 part 
g). affording 6.2'-difluoro-5'-(7-trifluoromethylI1 .8]naphthyridin-4-yl)biphenyl-3- 
carbonitrile (24 mg. 27%). 6h (400 MHz. CDCg 7.35 (IN, t, J 9.0). 7.45 (1H 
t. J 9.0). 7.52-7.61 (3H. m). 7.74-7.78 (1H. m). 7.83 (1H. dd. J 1.4 and 6.5). ' 
7.87 (1H. d. J8.6). 8.54 (1H. d. J8.2). 9.30 (IN. d, J4.3). mlz{ES*) 412 
[MHr. 
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EXAMPLE 34 

5-(4-Fluoro-3-met hoxvphen vn-2-trifltjQrnmethviri fi^ nflphthyriHi 



ine 



a)2-f4-Fluoro-3-methoxyphenvn-4.4.5.fi.tAtr^m^th vifi.3piriinv.hn.^..^^ 
A mixture of 3-bromo-6-fluoroanisole (4.68 g, 23 mmol). potassium 
acetate (4.48 g. 46 mmol) and bis(pinacolato)diboron (6.67 g, 26 mmol) in 
dioxane (50 mL) was degassed via three "freeze-thaw" cycles. [1 ,i 
Bis(diphenyl-phosphino)ferrocene]dichloropalladium(ll) complex with 
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dichloromethane (559 mg, 0.69 mmol) was added and the mixture was 
degassed as before, then was stirred at 90 °C overnight. After cooling to 
room temperature, the mixture was filtered, and the filtrate was concentrated 
in vacuo. The crude product was partitioned between 2 N sodium hydroxide 
5 solution (60 mL) and diethyl ether (60 mL). The separated aqueous layer was 
acidified to -pH 1 with cone, hydrochloric acid. An oil separated out, which 
solidified upon trituration. This was separated by filtration, and found to be 2- 
(4-fluoro-3-methoxy-phenyl)-4,4,5,5-tetramethyl-[1,3,2]dioxaborolane (4.1 1 g, 
72%). 5h (400 MHz, CDCy 1,34 (12H. s), 3,92 (3H. s), 7.08 (1H, dd, J 8.2 
10 and 1 1 .7), 7.35-7.40 (2H. m). 

b) 5-(4-'Fluoro-3-methoxvphenyl)-2-trifluoromethvif1,81naphthvridine 

5-Chloro-2-trifluoromethyl[1,8]naphthyridine (923 mg, 4.0 mmol) was 
coupled to 2-(4-fluoro-3-methoxyphenyl)-4,4,5,5-tetramethyl- 
15 [1,3,2]dioxaborolane (1 .30 g, 5.2 mmol) as described in Example 3 part g), 
affording 5-(4-fluoro-3-methoxyphenyl)-2-trifluoromethyl[1,8]naphthyridine 
(1.06 g, 83%). 5h (360 MHz, CDCy 3.95 (3H, s), 6.99-7.04 (1H, m), 7.06 (1H, 
dd, J 7,7 and 2.1), 7.30 (1H, dd, J 2.5 and 8.4), 7.56 (1 H, d, J4.2). 7.82 (1H. 
d, J 8.4), 8.52 (1H, d, J 8.4), 9.27 (1H, d, J 4.2). m/z(ES*) 323 [MH]*. 

20 

EXAMPLE 35 

5-(3'-Ch[oro-6-fluorobiphenvl-3-vn-2-trifluoromethvin.81naphthvridine 

25 a) 2-Fluoro-5-(7-trifluoromethvl-f1 ,81naphthyridin-4-vl)phenol 

To 5-(4-fluoro-3-methoxyphenyl)-2-trjfluoromethyl[1,8]naphthyridine 
(prepared as described in Example 34; 1.00 g, 3.1 mmol) in dichloromethane 
(20 mL) was added boron(lll) bromide (9.31 mL of a 1 M solution in 
dichloromethane, 9.3 mmol) dropwise with stirring at 0 ^^C, and the resulting 

30 mixture was stirred at 0 for 1 h. Methanol (2 mL) was added dropwise at 0 
^'C with stirring - Care! Large exotherm observed! - then the mixture was 
poured into saturated sodium hydrogencarbonate solution (50 mL). 
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Effervescence was observed, and a yellow solid was precipitated, which was 
separated by filtration, washed with water and dried in a drying pistol at 60 °C. 
This was 2-fluoro-5-(7-trifluoromethyK1 ,8Jnaphthyridin-4-yl)phenol (881 mg, 
92%). 6„ (400 MHz. DMSO) 7.01-7.04 (1H. m). 7.16 (1H. dd. J2.3 and 8.2) 
7.40 (IH. dd. J8.2 and 11.3). 7.74 (1H. d. J 4.3), 8.09 (1H. d. J8.6). 8.66 (1H. 
d. J&.Q). 9.27 (IH, d. J4.3). 10.30 (IH. s). ^z(ES*) 309 [MH]*. 

b) Trifluoromethanesiilfonic acid P-fliio ro-5-r7-trifli.nrnmothYi- 
n ,81naphthvridin-4- YnDhenyl e.^ter 

A slurry of 2-fluoro-5-(7-trifluoromethyl-[1 ,8]naphthyridln-4-yl)phenol 
(500 mg, 1.6 mmol) in dichloromethane (20 mL) was stirred with N- 
phenyltrifluoro-methanesulfonimide (695 mg. 2.0 mmol) and triethylamine 
(294 ML. 213 mg. 2.1 mmol) at room temperature overnight The resulting 
solution was washed with saturated ammonium chloride solution (1 x 20 mL) 
and water (1 x 20 mL). then was dried over magnesium sulfate and 
concentrated in vacuo. The residual product was purified by flash 
chromatography on silica gel. eluting with 5% ethyl acetate in 
dichloromethane, affording trifluoromethanesulfonic acid 2-fluoro-5-(7- 
trifluoromethyl-H .8]naphthyridin-4-yl)phenyl ester as a colourless glass, which 
solidified upon standing (587 mg. 82%). 6h (360 MHz. CDCg 7.49-7.55 (3H. 
m). 7.57 (IH. d. J 4.2). 7.88 (IH. d. J 8.8). 8.43 (IH. d. J 8.4). 9.32 (IH. d, J 
4.6). miz (ES*) 441 [MH]*. 
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c) 5-(3'-Chloro-6-fluorohinhpnvl-3-vh-P-trifi, .»r o methviri ft]n«phfKy.;Hjn^ 

A mixture of trifluoromethanesulfonic acid 2-fluoro.5-(7-trifluoromethyl- 
[1 ,8]naphthyridin-4-yl)phenyl ester ( 30.0 mg, 0.068 mmol). 3- 
chlorobenzeneboronic acid (13.9 mg, 0.089 mmol). dichlorobis- 
(triphenylphosphine)palladium(ll) (5.0 mg. 7.1 pmol) and 2 M sodium 
carbonate solution (0.5 mL) in DME (3 mL) was irradiated in a microwave 
reactor at 150 »C for 10 min. After cooling to room temperature, the mixture 
was diluted with dichloromethane (3 mL) and water (3 mL). and was filtered 
through a PTFE cartridge. The separated organic phase was concentrated in 
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vacuo, and the residual material was purified by preparative thin layer 
chromatography on silica gel, eiuting with 5% ethyl acetate in 
dichloromethane, affording 5-(3'-chloro-6-fluorobiphenyl-3-yI)-2- 
trifluoromethyl[1 ,8]naphthyridine as a white solid (12.7 mg, 46%). 5h (360 
5 MHz. CDCg 7.33-7.50 (5H. m). 7.57 (1 H, dd, J 1 .8 and 7.0). 7.59-7.60 (2H. 
m). 7.84 (1H. d, J 8.8). 8.54 (1H. d. J 8.8). 9.29 (1H. d, J 4.2). m/z {ES*) 403. 
405 [MH]*. 

EXAMPLE 36 

10 

A/-r2'-Fluoro-5'-f7-trifluoro methviri.81naphthvridin-4-vnbiDhenvl-3-vnacetamirtP 

Trifluoromethanesulfonic acid 2-fluoro-5-(7- 
trifluoromethyl[1,8]naphthyridin-4-yl)phenyl ester ( 30.0 mg, 0.068 mmol) was 
coupled to 3-acetamidophenyl- boronic acid (15.9 mg. 0.089 mmol) as 
15 described in Example 35 part c), affording /V-[2'-fluoro-5*-(7- 

trifluoromethyl[1.8]naphthyridin-4-yl)biphenyl-3-yl]acetamide (12.0 mg, 41%). 
6h (360 MHz. CDCg 2.20 (3H. s). 7.35-7.47 (5H, m). 7.54-7.60 (2H, m). 7.84 
(1H. d. J8.4). 7.87 (1H. s). 8.56 (1H, d, J 8.8). 9.28 (1H. d. J 4.6). m/z {ES') 
426 [MH]*. 

20 

EXAMPLE 37 

1-[2'-Fluoro-5'-(7-trifluorome thviri.81naphthvridin-4-vnbiDhenvl-3-vnethanQn6 
Trifluoromethanesulfonic acid 2-fluoro-5-(7-trifluoromethyl- 

25 [1 .8]naphthyriclin-4-yl)phenyl ester ( 30.0 mg. 0.068 mmol) was coupled to 3- 
acetylphenyl- boronic acid (14.5 mg, 0.089 mmol) as described in Example 35 
part c). affording 1-[2*-fluoro-5'-(7-trifluoromethyl[1,8]naphthyridin-4- 
yl)biphenyl-3-yl]ethanone (16.8 mg, 60%). 5h (360 MHz. CDCg 2.66 (3H. s), 
7.39-7.44 (1H, dd. J 9.8 and 8.4), 7.47-7.52 (IN, m), 7.58-7.62 (3H. m). 7.80- 

30 7,85 (2H. m). 8.01 (1H. dt. J7.7. 1.2). 8.18 (1H. d, J 1.4). 8.55 (1H. d. J 8.8), 
9.30 (1 H. d. J 4.6). miz (ES*) 41 1 [MH]\ 
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EXAMPLE 38 

5i(6iFly pro-2'-methoxvhinhRnvl-3-vn-P-trifiMor.., ^ 

Trifluoromethanesulfonic acid 2-fluoro-5-(7- 
trifluoromethyl[1.8]naphthyridin-4-yl)phenyl ester ( 30.0 mg. 0.068 mmol) was 
coupled to 2-methoxyphenyl- boronic acid (13.5 mg, 0.089 mmol) as 
described in Example 35 part c). affording 5-(6-fluoro-2'-methoxybiphenyl-3- 
yl)-2-trifluoromethyl[1.8].naphthyridine (14.5 mg. 53%). 5„ (360 MHz CDCI ) 
3.86 (3H. s). 7.03-7.09 (2H. m). 7.32-7.48 (4H. m). 7.55 (1H. dd, J 2.5 and ' 
6.7). 7.60 (1H. d. J4.6). 7.83 (1H. d. J8A), 8.66 (1H. d. J8.4). 9.27 (1H. d J 
4.6). /7Vz(ES*) 399 {MHf. 

EXAMPLE ."^cj 

5-(6-Fluoro-?^trifluoromethvlhinhenvl-a-vl^p.trifiM» r omethvlf ift]n.pMH^.ri^jnp 

Trifluoromethanesulfonic acid 2-fluoro-5-(7- 
trifluoromethyl(1 .8]naphthyridin-4-yl)phenyl ester ( 30.0 mg. 0.068 mmol) was 
coupled to 2-(trifluoromethyl)phenylboronic acid (16.8 mg. 0.089 mmol) as 
described in Example 35 part c). affording 5-(6-fluoro-2'-methoxybiphenyl-3- 
yl)-2-trifluoromethyl[1.8]naphthyridine (15.3 mg. 51%). 5h (360 MHz, CDCI ) 
7.35-7.43 (3H, m). 7.51-7.66 (4H. m). 7.81-7.86 (2H. m). 8.55 (1H. d. J8.8). 
9.27 (1H. d. J 4.6). m/z (ES*) 437 [MH]*. 

EXAMPLE 4n 

5-(4-Fluoro-3-pvrimidin-5-vlnhPnvn-2-trifl..nrnmo thvirifilna phthynH;o^ 

Trifluoromethanesulfonic acid 2-fluoro-5-(7- 
trifluoromethyl[1.8]naphthyridin-4-yl)phenyl ester ( 30.0 mg. 0.068 mmol) was 
coupled to 5-pyrimidinylboronic acid (prepared as described in WO 941 1372- 
1 1 .0 mg, 0.089 mmol) as described in Example 35 part c), affording 5-(4- 
fluoro-3-pyrimidin-5-ylphenyl)-2-trifluoromethyl[1 .8]naphthyridine (10 3 mg 
41%). 6„ (360 MHz. CDCg 7.49 (1H. t. J9.5). 7.55-7.61 (3H. m). 7.86 (1H d 



SEXXJID <WO 0300e464A1 I > 



wo 03/006464 




PCT/GB02/03077 



J 8.4). 8.51 (1H, d. J 8.4), 9.01 (2H. d, J 1.1). 9.28 (1H, s). 9.32 (1H. d. J 4.6). 
/77/z(ES') 371 [MHf. 

EXAMPLE 41 

5 

5-f4-Fluoro-3- quinonn-6-vlphenvl)-2-trifluoromethvlf1.8]naphthvridine 

Trifluoromethanesulfonic acid 2-fluoro-5-(7- 
trifluoromethyl[1 ,8]naphthyridin-4-yl)phenyl ester ( 30.0 mg, 0.068 mmol) was 
coupled to 6-quinolinylboronic acid (15.3 mg, 0.089 mmol) as described in 
10 Example 35 part c), affording 5-(4-fluoro-3-quinolin-6-ylphenyl)-2- 

trifluoromethyl[1.8]naphthyridine (17.4 mg. 61%). 6h (400 MHz, CDCIg) 7.43- 
7.57 (3H, m), 7.64 (1H. d. J 4.3), 7.69-7.72 (1H, m), 7.85 (1H. d. J 8.6). 7.97 
(1 H. dt, J 8.6 and 1 .8). 8.06 (1 H. s). 8.22 (2H. d. J 8.2). 8.59 (1 H, d. J 8.6), 
8.98 (1 H. dd, J 1 .8 and 4. 1 ), 9.30 (1 H. d. J 4.3). m/z (ES*) 420 [MH]*. 

15 

EXAMPLE 42 

5-(4-Fluoro-3-t hiazol-2-vlPhenvl)-2-trifluoromethvlf1.81naphthvridine 

A mixture of trifluoromethanesulfonic acid 2-fluoro-5-(7-trifluoromethyl- 

20 (1 .8jnaphthyridin-4-yl)phenyl ester ( 30.0 mg, 0.068 mmol), 2- 

tributylstannanethiazole (51.0 mg. 0.14 mmol), copper(l) iodide (1.3 mg. 6.8 
A/mol) and tetrakis(triphenylphosphine)paHadium(0) (7.9 mg, 6.8 /jmol) in DME 
(3 mL) was irradiated in a microwave reactor at 150 "C for 10 min. The 
mixture was allowed to cool, and was then diluted with water (3 mL) and 

25 dichloromethane (3 mL). The biphasic mixture was filtered through a PTFE 
cartridge, and the separated organic layer was concentrated in vacuo. The 
residue was purified by preparative thin layer chromatography, eluting with 
25% ethyl acetate in dichloromethane, affording 5-(4-fluoro-3-thiazol-2- 
ylphenyl)-2-trifluoromethyl[1 ,8]naphthyridine as a pale yellow solid (7.5 mg, 

30 29%). 5h (360 MHz. CDCg 7.40-7.56 (3H, m), 7.63 (1 H. d. J 4.2). 7.84 (1 H. 
d. J 8.4), 7.96 (1H. t, J 2.6), 8.49-8.55 (2H, m). 9.30 (1H. d. J 4.2). m/z {ES*) 
376 [MHy. 
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EXAMPLE 43 



10 



5-(4-Ruoro-3- p yra7in-?.vlphenvn-2-trifluornmPt h viri.81n« phthvriH;»^ 

Trifluoromethanesulfonic acid 2-fluoro-5-(7- 
trifluoromethyl[1 ,8]naphthyridin-4-yl)phenyl ester ( 30.0 mg. 0.068 mmol) was 
coupled to 2-tributylstannylpyrazine (50.2 mg. 0.14 mmol) as described in 
Example 42 , affording 5-(4-fluoro-3-pyra2in-2-ylphenyl)-2- 
trifiuoromethyl[1.8]naphthyridine (8.4 mg. 33%). 5h (360 MHz. CDCg 7.46 
(1H. dd. J10.5 and 8.4). 7.56-7.61 (1H, m). 7.63 (1H. d, J 4.2), 7.85 (1H, d J 
8.4). 8.24 (1H. dd. J 2.3 and 7.2). 8.55 (1H. d. J 8.8), 8.60 (1H. d. J 2.5), 8.68- 
8-69 (1H. m). 9.23 (1H. t, J1.9), 9.30 (1H, d. J 4.6). m/z(ESl 371 [MHr 



15 



20 



EXAMPLE 44 

5-(4-Fluoro-3-trifluorometfivlnhenvn-2.triflMnro » ,ethviri fil n^pHthyriH.v,^ 

5-Chloro-2-trlfluoromethyl(1.8Jnaphthyridine (200 mg. 0.86 mmol) was 
coupled to 3-(trifluorometfiyi)phenylboronlc acid (212 mg. 1.1 mmol) as 
described in Example 3 part g). affording 5-(4-fluoro-3-trifIuoromethylphenyl)- 
2-trifluoromethyl[1.8]naphthyridine (160 mg, 54%). 5h (400 MHz. CDCg 7.59 
(1H. d. J 4.3). 7.68-7.76 (3H. m), 7.85 (2H. d. J 8.6). 8.43 (1H. d. J 8.2)! 9.31 
(1H. d. J 4.3). m/z (ES*) 343 [MH]*. 



25 



30 



EXAMPLE 4.S 

2-Fluoro-5-(7-trifluo romet hviri.8]naDhthy rirtine-4-vl^hfin7nnitr.i^ 

5-Chloro-2-trifluoromethyl[l.8]naphthyridine (200 mg. 0.86 mmol) was 
coupled to 3-cyanophenylboronic acid (1 65 mg, 1 . i mmol) as described in 
Example 3 part g). affording 2-fluoro-5-(7-trifluoromethyl[1,8]naphthyridine-4- 
yObenzonitrile (143 mg. 56%). 6h (360 MHz. CDCg 7.57 (1H. d. J4.2), 7.71- 
7.91 (5H. m). 8.40 (1H. d. J8.8). 9.32 (1H. d. J4.2). m/z (ES^) 300 [MHr. 
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EXAMPLE 46 

2-r6-r7-Trifluor omethvlf1.81naphthvridin-4-vnDvriclin-2-vnben7r>nitrilA 

5 a) 2-( 6-BromoDvridin-2-vnbenzonitrile 

A mixture of 2,6-clibromopyricllne (2.07 g. 8.7 mmol). 2-(4,4,5,5- 
tetramethyl[l,3.2]-clioxaborolan-2-yl)benzonltrile (prepared as described in 
Tetrahedron (2001). 57(49), 9813-9816. 3.00 g. 13 mmol) and potassium 
phosphate (3.71 g, 17 mmol) in DMF (40 mL) was degassed with nitrogen. 

10 Tetrakis(tripheny!phosphine)palladium(0) (303 mg, 0.26 mmol) was added, 
the mixture was degassed as before, and was then stirred at 80 °C under 
nitrogen overnight. The mixture was partitioned between water and ethyl 
acetate, and the resulting aqueous layer was washed with ethyl acetate (2 x 
100 mL). The combined organic layers were washed with water (1 x 100 mL) 

15 and saturated sodium chloride solution (1 x 100 mL), then were dried over 
magnesium sulfate and concentrated in vacuo. The residual material was 
purified by flash chromatography on silica gel, eluting with 50% ethyl acetate 
in isohexane, affording 2-(6-bromopyridin-2-yl)benzonitrile as a solid (680 mg, 
30%). 5h (400 MHz. CDCg 7.51-7.57 (2H. m), 7.68-7.73 (2H. m), 7.80 (2H. d. 

20 J 7.7), 7.91 (1 H. dd, J 0.7 and 7.7). 

b) 2- r6-(7-Trifluoromethvlf1.81naDhthvridin-4-vnDvridin-2-vnbenzonitrile 

A mixture of 5-Chloro-2-trifluoromethyl[1.8]naphthyridine (200 mg, 0.86 
mmol) and hexamethylditin (178//L, 282 mg. 0.86 mmol) in DME (5 mL) was 

25 degassed via three "freeze-thaw" cycles. Tetrakis(triphenylphosphine)- 
palladium(O) (49.7 mg. 0.043 mmol) was added, and the mixture was 
degassed as before, then was heated under nitrogen at 80 °C overnight. 2-(6- 
Bromopyridin-2-yl)benzonitrile (126 mg, 0.48 mmol) was added and the 
mixture was degassed as before, then more tetral<is(triphenylphosphine)- 

30 palladium(O) (49.7 mg, 0.043 mmol) was added, the mixture was degassed 

again, then was stirred at 80 °C under nitrogen overnight. Water (25 mL) and 
dichloromethane (15 mL) were added to the cooled mixture, and the aqueous 
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layer was washed with more dichloromethane (2x15 mL). The combined 
organic layers were washed with saturated sodium chloride solution (1 x 25 
mL) then were dried over magnesium sulfate and concentrated in vacuo. The 
residual material was purified by flash chromatography on silica gel. eluting 
5 with 1 0% to 40% ethyl acetate in dichloromethane. affording 2-[6-(7- 

trifluoromethylll .8]naphthyridin-4-yl)pyridin-2-ylJben2onitriIe as a colourless 
solid, which was recrystallised from ethyl acetate/isohexane (44 mg. 24%). 8„ 
(400 MHz. CDCg 7.52-7.60 (1 H. td. J 7.6 and 1 .2). 7.71 -7.77 (2H. m). 7.82 
7.92 (5H. m). 8.12 (1H, t. J 7.8). 9.11 (1H. d. J 8.6). 9.35 (1H, d. J 4.3). m/z 
10 (ES*) 377 [MH]*. 



EXAMPLE 47 



15 



20 



25 



30 



5-f4-Fluoro-3-(pvridin-3-vlmethoxv^phenvl] - 2-trifluorQm»thviri.81nap hfhYr.Hi»^ 
2-Fluoro-5-(7-trifluoromethyl[1 .8]naphthyridin-4-yl)phenol (prepared as 
described in Example 35 part a). 50.0 mg. 0.16 mmol), caesium carbonate 
(159 mg. 0.49 mmol) and 3-(chloromethyl)pyridine hydrochloride (31.9 mg. 
0.20 mmol) were stirred together in DMF (3 mL) at room temperature under 
nitrogen overnight. The mixture was partitioned between dichloromethane (3 
mL) and water (3 mL), then was filtered through a PTFE cartridge. The 
separated organic phase was concentrated in vacuo, and residue was purified 
by flash chromatography on silica gel. eluting with 1:1 dichloromethanerethyl 
acetate, then with ethyl acetate, affording 5-[4-fluoro-3-(pyridin-3- 

ylmethoxy)phenyl]-2-trlfluoromethyl[1.8]naphthyridine as a colourless oil. 

which solidified upon trituration with isohexane (45.1 mg. 70%). 5h (400 MHz. 

CDCI3) 5.22 (2H. s). 7.06-7.12 (2H, m). 7.30-7.38 (2H. m). 7.52 (1H. d. J4.3). 

7.79 (1H, d. J8.6). 7.81-7.83 (1H. m). 8.39 (1H. d. J8.6). 8.64 (1H. dd. J 1.6 

and 4.7), 8.69 (1H. d. J2.0). 9.26 (IN. d, J4.3). nVz(ES*) 400 [MH]*. 

EXAMPLE 4fi 

5-r4-Fluoro-3-(pvridin-4-vlmethoxv>PhenvlV 2 -trifluoromfithviri.81nanhthY r.Vi.no 
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2-Fluoro-5-(7-trlfluoromethyl[1 ,8]naphthyridin-4-yl)phenol (50.0 mg, 
0.16 mmol) was alkylated with 4-(chloromethylpyridine) hydrochloride (31.9 
mg, 0.20 mmol) as described in Example 47, affording 5-[4-fluoro-3-(pyridin-4- 
ylmethoxy)phenyi]-2-trifluoromethyl[1,8]naphthyridlne (39.7 mg, 61%). 5h 
5 (360 MHz. CDCg 5.23 (2H. s). 7.04 (1H. dd. J7.7 and 1.8). 7.06-7.10 (1H. 
m). 7.33 (1H, dd. J 8.1 and 2.6), 7.38 (2H. d. J 6.0). 7.50 (1H. d, J 4.6). 7.76 
(1H. d, J 8.8), 8.32 (1H, d. J 8.8). 8.66 (2H. d. J 6.0). 9.25 (1H. d. J 4.6). m/z 
(ES*) 400 [MH]*. 

10 EXAMPLE 49 

5-r4-Fluoro-3-(pvridin-2-vloxv)phenvl]-2-trifluoromethvlf1.81naDhthvridine 

2-Fluoro-5-(7-trifluoromethyl[1 ,8]naphthyridin-4-yl)phenol (50.0 mg, 
0.16 mmol) was alkylated with 2-bromopyridine (18.6 //L. 30.8 mg, 0.20 mmol) 

15 as described in Example 47, except that heating at 1 50 °C overnight was 
required, affording 5-[4-fluoro-3-(pyridin-2-yloxy)phenylJ-2- 
trifluoromethyl[1.81naphthyridine (15.1 mg. 24%). Sh (400 MHz, CDCy 7.04- 
7.09 (2H, m), 7.30-7.35 (1H. m), 7.38-7.43 (2H, m), 7.60 (1H, d, J 4.7), 7.73- 
7.79 (1H, m). 7.83 (1H, d, J8.6), 8.17 (1H. dd, J5.1 and 2,0), 8.64 (1H, d. J 

20 8.6). 9.27 (1 H, d, J 4.3). m/z (ES*) 386 [MHf. 

EXAMPLE 50 

r2-Fluoro-5-f7-trifluorometh viri.81naphthvridin-4-vnDhenoxvlacetonitrile 
25 2-Fluorb-5-(7-trifluoromethyl[1 .8]naphthyridin-4-yl)phenol (50.0 mg, 

0.16 mmol) was alkylated with chloroacetonitrlle (24.6 //L, 29.4 mg, 0.39 
mmol) as described in Example 47. affording [2-fluoro-5-(7- 
trifluoromethyl[1 .8]-naphthyridin-4-yl)phenoxy]acetonitrile (33.4 mg, 59%). 5h 
(400 MHz. CDCg 4.94 (2H, s), 7.23-7.29 (2H, m). 7.40 (1H. dd. J8.2 and 
30 1 0.6). 7.56 (1 H, d. J 4.3). 7.85 (1 H. d. J 8.6), 8.53 (1 H, d, J 8.6). 9.28 (1 H. d. J 
4.7). m/z (ES*) 348 [MH]*. 
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EXAMPLE 51 



2 J2-Fluoro-5-(7-trifluoromethvlf1.81nanhth v ridin-4.vl) phon^vY]-^^,^^ 
dimethyl acetamide 

2-Ruoro-5-(7-trifluoromethyl[1 ,8]naphthyridin-4-yl)phenol (50.0 mg. 
0.16 mmol) was alkylated with 2-chloro-/V,/V-dimethylacetamide (20.1 //L. 23.7 
mg, 0.20 mmol) as described in Example 47. affording 2-[2-fluoro-5-(7- 

trifluoromethyl[1.8]naphthyridin-4-yl)phenoxy>/V./V-dimethylacetamide 
(36.8 mg. 58%). 8„ (360 MHz. CDCg 2.99 (3H. s). 3.10 (3H, s), 4.85 (2H s) 
7.05-7.09 (IH, m), 7.18 (IH. dd. J2.1 and 8.1). 7.31 (IH. dd. J 8.1 and 10 9) ' 
7.54 (IH. d, J4.2), 7.82 (IH. d,J8A), 8.53 (IH. d. J8.4). 9.25 (IH. d, J 4 6) ' 
m/z (ES*) 394 [MH]\ 

EXAMPLE 5P 



5-f4-Fluoro-.?-(?-mPth^r|-2H-f1,2 4]tri«7 n|-3-vlmfithnvv) phor.Yl^-o- 
trifluoromftthyiri .sinaDhthy ririin^ 

2-Fluoro-5-(7-trifluoromethyl[1 .8]naphthyridin-4-yl)phenol (50.0 mg. 
0.16 mmol) was alkylated with 5-chloromethyl-l. methyl- lH^(1,2.4]triazole 
hydrochloride (prepared as described in WO 0023449, 30.4 mg, 0.20 mmol) 
as described in Example 47, affording 5-f4-fluoro-3-(2-methyl-2H- 
[1 .2.4Jtria20l-3-ylmethoxy)phenyl]-2-trifluoromethyl-[1 .8]naphthyridine (37.8 
mg. 58%). 5„ (360 MHz. CDCg 4.06 (3H. s). 5.39 (2H. s). 7.08-7.12 (IH. m) 
7.28-7.36 (2H, m). 7.51 (IH. d. J4.2). 7.82 (IH. d. J8.8). 7.87 (IH. s). 8.43 ' 
25 (1 H, d. J 8.4). 9.27 (1 H. d. J 4.6). m/z (ES^) 404 [MH^ 



EXAMPLE fi.*^ 



5-f4-Fluoro-3-(1-mPth>^l-imi.2.qitrip.ni./ L.vimethoyv.V h^nYi].o- 
30 trifluoromfith vifi.sinap hthyriHin^ 

2-Fluoro-5-(7-trifluoromethyl[1 ,8]naphthyridin-4-yl)phenol (50.0 mg, 
0.16 mmol). resin-bound triphenylphosphine (180 mg of 3 mmol/g resin. 5.4 
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mmol). diisopropylazodicarboxylate {76.8 pL. 78.8 mg, 0.40 mmol) and 1- 
methyl-1 f^l ,2,3-triazoIe-4-methanol (prepared as described in WO 0023449, 
22.0 mg, 0.20 mmol) were stirred together in THF (3 mL) at room temperature 
overnight. The mixture was filtered, and the filtrate was diluted with 
5 dichloromethane (15 mL). was washed with 1 N sodium hydroxide (2 x 10 
mL), was dried over magnesium sulfate and was concentrated in vacuo. The 
residue was purified by flash chromatography on silica gel, eluting with 2.5% 
methanol in dichloromethane, affording 5-[4-fIuoro-3-(1 -methyl-1 Af- 
[1 .2.3]triazol-4-ylmethoxy)phenyl]-2-trifluoromethyl(1 ,8]naphthyridine as a 
10 colourless solid, which was recrystallised from ethyl acetate/isohexane (26.7 
mg, 41%). 8h (360 MHz, CDCg 4.13 (3H, s). 5.35 (2H. s), 7.03-7.07 (1H, m). 
7.25-7.31 (1H, m), 7.38 (1H, dd, J2.1 and 7.7), 7.54 (1H. d, J4.6), 7.70 (1H. 
s), 7.86 (1H, d, J 8.8), 8.53 (1H, d. J 8.8), 9.26 (1H. d, J 4.2). m/z (ES*) 404 
[MH]\ 

15 

EXAMPLE 54 



5-(4-FluoroDh envn-2-trifluoromethviri .Slnaohthyridine 

In the attempted coupling of trifluoromethanesulfonic acid 2-fluoro-5-(7- 

20 trifluoromethyl[1 ,8]naphthyridin-4-yl)phenyl ester ( 30.0 mg, 0.068 mmol) with 
a 1:1 mixture of 3-(5,5-dimethyl(1,3,2]dioxaborinan-2-yl)-2-fluorobenzonitrile 
and 6-(5,5-dimethyl[1 ,3,2]dioxaborinan-2-yl)-2-fluorobenzonitrile (34.4 mg) 
following the procedure described in Example 35 part c), none of the 
expected product was obtained. Instead, the triflate was reduced, affording 5- 

25 (4-fluorophenyl)-2-trifluoromethyl[1 .8]naphthyridine (13.9 mg, 42%). 5h (360 
MHz. CDCg 7.27-7.31 (2H. m). 7.46-7.50 (2H. m). 7.55 (1H, d. J 4.6). 7.82 
(1H. d, J 8.4). 8.49 (1H, d. J 8.8). 9.27 (1H, d. J 4.6). m/z (ES*) 293 [MH]*. 



30 



EXAMPLE 55 

2^-Fluoro-5^-f7-(2-fiuoroDhenvh-fl ft lnaDhthvridin-4-vl1biDhenvl-2-carbonitrile 
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.a) 5-Chloro-P-rp-fhioroDhenyl)-fi , 81naDhthy ridinft 

A stirred mixture of 2.5-dichloro-[1 ,8]naphthyridine (Barlin, G. B.; Tan. W.- 
L. Aust J. Chem. 1984. 37, 1065) (0.1029 g. 0.513 mmol) and 2- 
fluorobenzeneboronic acid (72.4 mg, 0.517 mmol) in 2 N aqueous sodium 
carbonate (0.620 mL, 1 .24 mmol) and ethylene glycol dimethyl ether (3 mL) 
was degassed by bubbling nitrogen through for 15 min. Tetrakis- 
(trlphenylphosphine)palladium(O) (29.9 mg. 0.0259 mmol) was added and the 
mixture was degassed for a further 10 min. then heated at 80 °C for16 h 
under nitrogen. The mixture was partitioned between water (20 mL) and 
dichloromethane (20 mL). The aqueous layer was further extracted with 
dichloromethane (2 x 20 mL). and the combined organic extracts were dried 
(MgSOJ and evaporated in vacuo. The residue was purified by flash 
chromatography on silica gel, eluting with 15% EtOAc/CH.CI,. to afford 0.1216 
g (91%) of the title compound as an off-white solid. 5h (360 MHz. CDCQ 7.22 

(1H,dd. J11.8and8.2),7.34(1H.td.J7.7.0.7).7.49(1H.tdd. j7.4 53 
and 2.1). 7.58 (IH. d. J4.7). 8.18 (IH. dd. J8.8. 2.5). 8.39 (IH. td. J7.7 1 8) 
8.66 (IH. d. J 8.8), 9.03 (IH, d, J 4.8). 

b) 2--Fluoro-5H7-(?-fl, lomphf^nYm-f 1 ■81nanhthy riH.n..i.y.|Kiphenvi-2-r^rhnnitn.o 

This was prepared in 62% yield from 5-chloro-2-(2-fluorophenyl)- 
[l,8Jnaphthyridine (from step a) and 2'-fluoro-5'-(4,4.5,5-tetramethyl- 
fl.3,2]dioxaborolan-2-yl)biphenyl-2-carbonitrile (from Example 2. step e) 
using a similar procedure to that described in step a. 5h (400 MHz. CDCI3) 
7.20 (IH, ddd, J 11.7, 8.2 and 1.2), 7.34 (IH, td, J 7.4, 1.2), 7.42-7.48 (2H, 
m). 7.50 (IH. d. J 4.3). 7.54 (IH. td. J 7.4. 1.2). 7.60-7.65 (3H, m), 7.71 (IH 
td, J 7.4. 1.2). 7.84 (IH, dd, J 7.8. 0.8), 8.09 (IH. dd, J 8.6 and 2.3), 8 42 
(IH, td, J 7.8, 2.0), 8.49 (IH, d, J 8.6), 9.18 (IH, d, J 4.7). m/z (ES^) 42O 
[MHJ*. 
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EXAMPLE 56 

2^-Fluoro-5^-f7-rpvridin-3-vl^-n .81naDhthvriciin-4-vllbiDhenvl-2-carbonitrilft 

5 a) 5-ChlorQ -2-rDvridin-3-vn-fl .Slnaphthvricline 

This was prepared in 66% yield by a similar procedure to that described 
for Example 55, step a, but using pyridine-3-boronjc acid instead of 2- 
fluorobenzeneboronic acid and eluting with 5% MeOH/CH^CIj. 5h (360 MHz, 
CDCy 7.50 (1H. ddd, J 7.8. 4.7. and 0.8), 7.60 (1H. d, J 4.7). 8.14 (1H. d, J 
10 8.6). 8.71 (1H, dt. J 7.8. 2.0), 8.74 (1H, d. J 8.6). 8.76 (1H. dd, J 4.7, 1.6), 
9.06 (1H, d, J 4.7), 9.46 (1H, d, J 2.0). 

b)(2^-Fluoro-5^-f7-(Dvridin-3-vl )-f1.81naDhthvridin-4-vnbiDhenvl-2-carhnnitril«^ 
This was prepared in 88% yield from 5-chloro-2-(pyridin-3-yl)- 

15 (1 ,8]naphthyridine (from step a) and 2'-fluoro-5'-(4,4,5,5-tetramethyl- 

[1 ,3.2]dioxaborolan-2-yl)biphenyl-2-carbonitrile (from Example 2, step e) using 
a similar procedure to that described in Example 55, step a. 5„ (400 MHz, 
CDCg 7.44-7.52 (3H. m), 7.55 (1H, td. J7.4, 1 .2), 7.61-7.65 (3H, m), 7.71 
(1 H, td. J 7.4. 1 .2). 7.85 (1 H, dd, J 7.8, 1 .2), 8.06 (1 H, d, J 9.0), 8.59 (1 H, d, J 

20 8.6). 8.71-8.75 (2H. m). 9.20 (1H. d, J4.7). 9.46 (1H, d, J 1.6). m/z (ES') 403 
[MH]^ 

EXAMPLE 57 

25 2^-Fluoro-5V7-(thia2Ql-2- vn-ri.81naDhthvridin-4-vl1biohenvl-2-carbonitrile 

a) 5-Chloro-P-(t hiazol-3-vh-ri .Slnaphthvridine 

A stirred mixture of 2,5-dichloro-[1 ,8]naphthyridine (Barlin, G. B.; Tan. W.- 
L. Aust. J. Chem. 1984, 37. 1065) (0.1019 g. 0.512 mmol) and 2- 
30 (thiazolyl)2inc bromide (0.5 M solution in THF. 1 .08 mL. 0.540 mmol) in THF 
(2 mL) was degassed by bubbling nitrogen through for 15 min. Tetrakis- 
(triphenylphosphine)palladium(O) (59.6 mg. 0.0515 mmol) was added and the 
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mixture was degassed for a further 10 min. then heated at 60 'C for 10 h 
under nitrogen. The mixture was partitioned between water (20 mL) and 
dichloromethane (20 mL). The aqueous layer was further extracted with 
dichloromethane (2 x 20 mL). and the combined organic extracts were dried 
(MgSOJ and evaporated in vacuo. The residue was purified by flash 
chromatography on silica gel, eluting with 15% EtOAc/CH,CI,. to afford 86.3 
mg (68%) of the title compound as a white solid. 6h (400 MHz, CDCy 7.59 
(1H. d, J 4.7), 7.60 (1H. d. J3.1). 8.04 (1H. d. J3.1). 8.56 (1H. d. J 8.6). 8.72 
(1H. d. J 8.6), 9.03 (1H. d, J 4.7). 

b) 2--Fluoro-5--f7-(thia70l-?-vlW1.81nanhthvriHin . 4-vnbinhPny l.p..orK^^jtri|r 

This was prepared in 59% yield from 5-chloro-2-(thiazol-2-yl)- 
[1.8]naphthyridine (from step a) and 2'-fluoro-5'-(4.4.5,5-tetramethyl- 
[1.3,2]dioxaboroian-2-yl)biphenyl-2-carbonitrile (from Example 2. step e) using 
a similar procedure to that described in Example 55. step a. 6„ (400 MHz, 
CDCg 7.45 (IN. t, J9.0), 7.51 (IH. d. J4.3). 7.54 (1H. td. J7.4, 1.2). 7.58 
(1H, d. J3.1). 7.60-7.63 (3H. m). 7.71 (IH. td, J7.4, 1.2). 7.84 (IH. dd. J7.4. 
1.2). 8.02 (IH, d, J 3.1). 8.48 (IH. d. J 8.6). 8.54 (1H. d. J 8.6), 9.46 (IH. d. J 
4.7). m/z (ES*) 409 [MH]*. 



EXAMPf .^A 



5--f7-Acetvl-f1.8]naphthvridin-4-vn-2--fl..nrnhi phenvl-P-r«rh^nitr»^ 

a) 1-(5-Chloro-ri .Blnap hthvridin-P-YDethanone 

A stirred solution of 2.5-dichloro-[1 .8]naphthyridine (Barlin. G. B.- Tan 
W.-L. Aust. J. Chem. 1984. 37. 1065) (0.1001 g. 0.503 mmol) in 1.4-dioxane 
(5 mL) was degassed by bubbling nitrogen through for 15 min. Tetrakis- 
(triphenylphosphine)palladium(O) (30.0 mg. 0.0259 mmol) and tributyl(l- 
ethoxyvinyDtin (0.170 mL. 0.503 mmol) was added and the mixture was 
heated at 80 "C for 17 h under nitrogen. The mixture was diluted.with ethyl 
acetate (20 mL) and shaken with 2 N aqueous HCI (15 mL) for 1 min. The 
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mixture was adjusted to pH 6 with 4 N aqueous NaOH and the organic layer 
was separated. The aqueous layer was further extracted with ethyl acetate (2 
X 15 mL), and the combined organic extracts were dried (MgSOJ and 
evaporated in vacuo. The residue was purified by flash chromatography on 
5 silica gel. eluting with 1 5% EtOAc/CH,CI„ followed by a further column on 
silica gel eluting with 50% EtOAc/isohexane, to afford 34.9 mg (34%) of the 
title compound as a white solid. 5h (360 MHz. CDCy 2.95 (3H. s), 7.68 (1H. 
d. J 4.6). 8.33 (1H. d. J 8.4). 8.76 (1H. d. J 8.8). 9.12 (1H. d, J 4.9). 

10 b) 5^-f7-Acetvl-ri.81naph thvridin-4-vll-2MluorobiDh envl-2-carhonitriiA 

This was prepared in 83% yield from 1-(5-chloro-[1,8]naphthyridin-2- 
yl)ethanone (from step a) and 2'-fluoro-5'-(4.4,5,5-tetramethyl- 
[1,3,2]dioxaborolan-2-yl)biphenyl-2-carbonitrile (from Example 2. step e) using 
a similar procedure to that described in Example 55. step a. 8„ (400 MHz. 

15 CDCg 2.97 (3H. s). 7.45 (1 H. t. J 9.0). 7.55 (1 H. td. J 7.4. 1 .2). 7.58-7.62 (4H. 
m). 7.71 (1H. td. J7.4, 1.2), 7.84 (1H. dd. J7.8. 0.8). 8.26 (1H. d. J8.6), 8.59 
(1H. d. J 8.6), 9.26 (1H. d. J 4.3). m/z (ES*) 368 [MH]*. 



EXAMPLE 59 

20 

2'-Fluoro-5^-r7-(1 -hvdroxv-1 -me thvlethvn-^ 81naphthvridin-4-vnbinhenYl-P- 
carbonitrile 

To a stirred solution of 5'-I7-acetyl-[1 ,8]naphthyridin-4-yl]-2'- 
fluorobiphenyl-2-carbonitrlle (from Example 58) (28.6 mg. 0.0778 mmol) in 

25 anhydrous THF (2 mL). cooled under nitrogen to -78 "C. was added dropwise 
methylmagnesium bromide (3.0 M solution in Et,0. 26.0 nL, 0.078 mmol). The 
mixture was stirred at -78 °C for a total of 85 min. adding more 
methylmagnesium bromide (3.0 M solution in Et^O. 26.0 nL. 0.078 mmol) after 
45 min and 70 min. Saturated aqueous NH.CI (2 mL) was then added and the 

50 mixture was allowed to warm to room temperature. The mixture was 

partitioned between ethyl acetate (15 mL) and water (10 mL). Thfl aqueous 
layer was extracted further with ethyl acetate (15 mL). and the combined 



'30CID: <WO 03006464A1 I > 



wo 03/006464 

PCT/GB02/03077 

-99- 

organic extracts were dried (MgSOJ and evaporated In vacuo. The residue 
was purified by flash chromatography on silica gel. eluting with 3% 
MeOH/CH3CI,. to afford 20.6 mg (69%) of the title compound as a white solid. 
6„ (360 MHz. CDCIJ 1.67 (6H, s). 5.32 (1H. s). 7.44 (1H, t, J9.1). 7.51 (1H. d. 
J4.6). 7.54 (1H. td. J7.7. 1.1), 7.58-7.65 (4H, m). 7.71 (1H. td, J7.7. 1.1). ' 
7.84 (1H. dd. J7.7. 1.1). 8.51 (1H. d. J8.8). 9.15 (1H. d. J4.2). /T2/z(ES0 384 
[MHJ*. 
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CLAIMS: 



1. A compound of formula I or a pharmaceutically acceptable 
salt thereof: 




Y-Z 



wherein 

X represents hydrogen or halogen; 
10 Y represents a chemical bond, an oxygen atom, or a -NH- linkage; 

Z represents an optionally substituted aryl or heteroaryl group; 
represents hydrogen, hydrocarbon, a heterocyclic group, halogen, 
cyano, trifluoromethyl, nitro, -OR^, -SR% -SOR^, -S02Rs -SOzNR^Rb, 
-NR'^Rb, -NRaCORb, -NRaCOaR^ -CORs -C02RS -CONR^R»>, -CR«=NOR«' or 
15 CR^=NNHR''. 



2. A compound as claimed in claim 1 wherein Y is a bond; or a 
pharmaceutically acceptable salt thereof. 

3. A compound as claimed in claim 1 wherein Ri is a methyl, 
fluoromethyl, difluoromethyl, trifluoromethyl, hydrox3Tnethyl, 
methoxymethyl, dimethoxymethyl, hydroxyethyl, fluoroethyl, 
difluoroethyl, dimethoxyethyl, isopropyl, hydroxypropyl, fluoropropyl, tert- 
butyl, pyridyl, furyl, thienyl, oxazolyl, methylthiazolyl, methyloxadiazolyl, 
imidazolylmethyl, triazolylmethyl, chloro, methoxy, cyano, for-iyl, acetyl. 
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methoxycarbonyl or -CR2=NOR3 group in which R2 is hydrogen or methyl 
and R3 is hydrogen, hydroxyethyl or dimethylaminoethyl; or a 
pharmaceutically acceptable salt thereof. 

4. A compound as claimed in claim 2 wherein Ri is a methyl 
trifluoromethyl or 2-hydroxyprop-2-yl group; or a pharmaceutically 
acceptable salt thereof 



5- A compound as claimed in claim 3 wherein X is hydrogen or 
fluoro; or a pharmaceutically acceptable salt thereof 

6. A compound as claimed in claim 4 wherein Z is an optionally 
substituted phenyl group wherein there are one or two optional 
substituents selected from fluorine, cyano, trifluoromethyl; or a 
pharmaceutically acceptable salt thereof 

7. A compound as claimed in claim 6 wherein Z is a phenyl 
monofluorophenyl. difluorophenyl. trifluoromethylphenyl, cyanophenyl or 
cyanofluorophenyl group; or a pharmaceutically acceptable salt thereof 

8- A compound selected from: 

3'-(7-methyl-[l,8]naphthyridin-4-yl)biphenyl-2-carbonitrile; 
2'-fluoro-5'-(7-methyl-[1.8]naphthyridin-4-yl)biphenyl-2-carbonitrile; 

6.2'-difluoro-5;-(7.trifluoromethyl[l,8]naphthyridin-4-yl)biphenyl-2- 
carbonitrile; 

5-(4-fluoro-3-pyridin-3-ylphenyl)-2-trifluoromethyl[l,8]naphthyridine; 

5-(4-fluoro-3-pyridin-4-ylphenyl)-2-trifluoromethyl[l,8]naphthyridine; 
5-{4-fluoro-3-(3-fluoropyridin-2-yl)phenylJ-2- 

trifluoromethyl[l,8]naphthyridine; 

3.2'-difluoro-5'-(7-trifluoromethyl-(1.8]naphthyridin-4-yl)biphenyl-2- 
carbonitrile; 
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4,2'-difluoro-5'-(7-trifluoromethyl-(l,8]naphthyriclin-4-yl)biphenyl-2- 
carbonitrile; 

5.2'-difluoro-5*-(7-trifluoromethyl-(l,8]naphthyridin-4-yl)biphenyl-2- 
carbonitrile; 

5 4-fluoro-3'-(7-trifluoromethyl[l,8]naphthyridin-4-yl)biphenyl-2- 
carbonitrile; 

5-(2-fluoro-3-pyridin-2-ylphenyl)-2-trifluoromethyl-(l,8]naphthyridine; 

5-(2-fluoro-3-pyridin-3-ylphenyl)-2-trifluoromethyl-[l,8]naphthyridine; 

5-(2-fluoro-3-pyridin-4-ylphenyl)-2-trifluoromethyl-[l,8]naphthyridine; 

10 5-(2.4-difluoro-3-pyridin-3-ylphenyl)-2-trifluoromethyl[l,8]naphthyridine; 

5-(2,4-difluoro-3-pyridin-4-ylphenyl)-2-trifluoromethyl[l,8]naphthyridine; 

3'-fluoro-5'-(7-trifluoromethyl-(l,8]naphthyridin-4-yl)biphenyl-2- 
carbonitrile; 

2'-fluoro-5'-(7-trifluoromethyl- [1 ,8] naphthyridin-4-yl)biphenyl-3- 
15 carbonitrile; 

2'-fluoro-5'-(7-trifluoromethyl(l,8]naphthyridin-4-yl)biphenyl-4- 
carbonitrile; 

5-(6-fluoro-2'-methanesulfonylbiphenyl-3-yl)-2-trifluoroinethyl[l,8]- 
naphth5Tidine; 

20 5-(3'-methoxybiphenyl-3-yl)-2-trifluoromethym,8]naphthyridine; 
5-[4-fluoro-3-(3-fluoropyridin-4-yl)phenyll-2- 
trifluoromethyl(l,8]naphthyridine; 
2- [2-fluoro-5-(7-trifluoroinethyl (1 ,8] naphthyridin-4- 
yDphienyl] nicotinonitrile; 

25 2-[2-fluoro-5-(7-trifluoromethyl[l,8]naphthyridin-4- 
yl )pheny 1 ) ni coti n amide; 

5-(3-fluoro-5-pyridin-3-ylphenyl)-2-trifluoromethyl[l,81naphthyridine; 

5-(4-fluoro-3-pyrimidin-4-ylphenyl)-2-trifluoromethyl[l,8]naphthyridine; 
5-(3-(2-methyl-2if-tetrazol-5-yl)phenylJ-2- 
30 trifluoromethyl(l,8]naphthyridine; 

5-(3-furan-2-ylphenyl)-2-trifluoromethyl[l,8]naphthyridine; 
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6-[3-(pyridin.2-ylmethoxy)phenylJ-2-trifluoromethylfl,8]naphthyridin^ 

5-(4-fluoro-3-morpholin-4-ylmethylphenyl)-2- 

trifluoromethyl(l,8]naphthyridine; 

5-[3-(3,5-difluoropyridin-2-yl)-4-fluorophenyl]-2-trifluoromethyl[l,8]- 
naphth3rridine; 

2'-fluoro-5'-(7.trifluoromethyl[l,8]naphthyridin-4-yI)biphenyl-2- 
carbonitrile; 

5.(4-fluoro-3-pyridin-2-yl)-2-trifluoi^methyl[1.8Jnaphthyridine; 

6,2'-difluoro-5'-(7-trifluoromethyl[l,8]naphthyridin-4-yl)biphenyl-3- 
carbonitrile; 

5-(4-fluoro-3-methoxyphenyl)-2-trifluoromethyUl,8)naphthyridine; 

5-(3'-chloro-6-fluorobiphenyl-3-yl)-2-trifluoromethyl[1.8Jnaphthyridine; 

Ar-[2'-fluoro-5'-(7-trifluoromethym,8Jnaphthyridin-4-yl)biphenyl-3- 

yljacetamide; 

l-f2^fluoro-5M7-trifluoromethyl[l,8]naphthyridin.4.yl)^^^^ 
yljethanone; 

5-(6-fluoro-2'-methoxybiphenyl-3-yl)-2-trifluoromethyl[1.8]naphthyridine; 

5-(6-fluoro-2'-trifluoromethylbiphenyl-3-yl).2- 

trifluoromethyl [1 ,8J naphthyridine; 

5-(4-fluoro-3-pyrimidin-5-ylphenyl)-2-trifluoromethyl[l,8]naphthyridine; 

5-(4-fluoro-3-quinolin-6-ylphenyl)-2-trifluoromethyl[l,81naphthyridine; ' 

5-(4-fluoro-3-thia2ol-2-ylphenyl)-2-trifluoromethyUl,8]naphthyridine; ' 

5-(4-fluoro-3-pyrazin-2-ylphenyl)-2-trifluoromethyl[131naphthyridine^ 

5-(4-fluoro-3-trifluoromethylphenyl)-2-trifluoromethyl[l,8]naphthyrid^^ 

2-fluoro-5-(7-trifluoromethyl[l,8]naphthyridine-4-yl)ben2onitrile; 

2-(6-(7-trifluoromethyl[l,8)naphthyridin-4-yl)pyridin-2-yl]benzomtrile; 

5-[4-fluoro-3-(pyridin-3-ylmethoxy)phenyl]-2- 

trifluoromethyl [1,8] naphthyridine; 

5-(4-fluoro-3-(pyridin-4-ylmethoxy)phenyl]-2- 
trifluoromethyl[l,8]naphthyridine; 

5-[4-fluoro-3-(pyridin-2-yloxy)phenylJ-2-trifluoromethyUl,8]naphthyridine; 



wo 03/006464 




PCT/GB02/03077 



- 104 - 

{2-fluoro-5-(7-trifluoromethyl[131naphthyridin-4-yl)phenoxy]acetonitri 

2-[2-fluoro-5-(7-trifluoromethyl[l,81naphthyridin-4-yl)phenoxy]--iV 

dimethylacetamide; 

5-[4-fluoro-3-(2-methyl-2//-[l,2,4]triazol-3-ylmethoxy)phenyl]-2- 
5 trifluoromethyl(l,8]naphthyridine; 

5-[4-fluoro-3-(l-methyl-lH-[l,2,3]triazol-4-ylmethoxy)phenyl]-2- 
trifluoromethyl [l,8]naphthyridine; 

5-(4-fluorophenyl)-2-trifluoromethyl[l,8]naphthyridine; 

2'-fluoro-5'-[7-(2-fluorophenyl)-[l,8]naphthyridin-4-yl]biphenyl-2- 
10 carbonitrile; 

2'-fluoro-5'-[7-(pyridin-3-yl)-(l,8]naphthyridin-4~yl]biphenyl-2.carbonito^^ 

2'-fluoro-5'-I7-(thiazol-2-yl)-[l,8]naphthyridin-4-yl]biphenyl-2-carbonitrile; 

5'-(7-acetyl-[l,8]naphthyridin-4-yl]-2'-fluorobiphenyl-2-carbonitrile; 

2'-fluoro-5'-[7-(l-hydroxy-l-methylethyl)-[l,8]naphthyridin-4-yl]biphenyl- 
15 2-carbonitrile; 

or a pharmaceutically acceptable salt thereof. 



9. A pharmaceutical composition containing an effective amount 
of a compound as claimed in any of claims 1 to 8 and pharmaceutically 
20 acceptable carrier therefor. 



10. A method of treating and/or preventing anxiety which 
comprises administering to a patient in need thereof an anxiotically 
effective amount of a compound as claimed in any of claims 1 to 8. 

25 
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